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MEMORY DEVELOPMENT APPROACHES 

Saving Failed Bits 
As a separate but related field to memory cell structure, the 
saving of failed memory bits is being studied and several 
methods have been attempted. One method, developed by 
device users, results in the effective usage of a device within 
which several failed bits or even one half of the entire 
device has been detected to be bad. The other relies on the 
provision of spare bits to form a redundant backup system 
for failed bits. Here we will discuss several examples of the 
latter method. 

1. Bell Laboratories - Fault Tolerant 64K RAM 
This method relies on the external creation of shorts and 
open circuits between spare bits and failed bits. The Bell 
Laboratories example consists of the use of a laser to open 
circuits by cutting the polysilicon material. The addresses 
of failed bits detected during a wafer test are recorded. A 
decoding circuit is then used to process addresses. Fig. 1.10 
shows a possible laser program decoding circuit. The laser is 
used to cut the polysilicon links which are imbedded below 
the passivation layer. The decoding circuit is used to select 
the spare bit lines. The laser is programmed such that the 
stage subsequent to the selected line output is clamped to a 
low level. Since this method relies on laser cutting, it 
presents some practical difficulties. The Mostek method to 
be discussed next eliminates these difficulties by electrically 
saving the failed bits and is expected to be a useful 
technique for the future. 

Voo 

Vss 
o LASER PROGRAMMING 

�'�~�R�A�'�C�r�r� 

SPARE 
LINE 

Another example of electrical saving of failed bits was 
disclosed by Japan Telephone and Telegraph. In this 
example a failed bit is detected during the wafer test and 
the connection to the spare decoder corresponding to this 
address is made by forming a short circuit by destroying a 
polysilicon p-n junction. These examples are methods that 
can be used to increase yield of complete 64K and 2S6K 
devices. Another technique which might be used is that 
which provides the device with an onboard correction 
circuit which can save the device from even soft errors. 
Whichever technique is adopted, it is clear that tech­
nological breakthroughs are going to be necessary if 
progress in large-scale memory development is to continue. 

RPR Voo Vee 

...L 
�O�U�T�P�p�~�~�~� Ql 

RPR--j POLYSILICON 
FUSE 

R 

REPAIR 
BUFFER 

TO MATRIX 

'------If--- �~�~�-�(�A�t�x�R�E� 

MUL TIPLEXER 

OUTPUT 
�D�A�T�A�-�-�~�-�;�-�-�-�~� 

FROM 
MATRIX 

�~�-�-�-�- W .. �-�f�~�t�x�R�E� 

Fig. 1.11 Mostek EPROM failed bit saving method 

Summary 

As can be seen, various approaches are being attempted to 
the development of megabit memory devices, including 
study in the area of effective usage of such devices, device 

Fig. 1.10 Bell Laboratories failed bit saving decOder circuit structure, and recovery from soft errors, all of which is 

2. Mostek Example - SV 64K EPROM 
Mostek applies failed bit saving techniques to EPROM 
devices. To improve yield, 8K of spare cells, spare column 
decoder, spare column selector, spare sense amplifier, and 
spare data input buffer are provided in addition to the 
64K-bits of memory cells. When a failed bit is detected 
during a wafer test, the CE input is driven at 2SV, the result 
of which is that (see Fig. 1.11) RPR becomes 2SV and RPR 
goes from SV to OV. Transistor 0 1 turns on, and the 
polysilicon resistance R is cut by the voltage Vpp = 2SV. In 
this way, the repair buffer selects the spare matrix. The 
advantage of this method is, of. course, that the entire 
process is handled electrically. 

progressing in spite of inherent process limitations. By the 
year 2000 it is expected that 4M-bit devices with access 
times of Ws will be producible in an area of 4cm2

• To 
provide this new technology required by our modern 
society, the semiconductor industry will have to mobilize 
its circuit device and process technologies in a concerted 
effort. 
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2. 16K-BIT DYNAMIC RAM 

2.1 M5K4116P,5 TECHNOLOGY 

INTRODUCTION 
The M5K4116P, S are 16384-word by 1-bit dynamic 
RAMs, fabricated using the n-channel silicon-gate MOS 
process, and ideal for large-capacity memory systems where 
high speed, low power dissipation, and low costs are es­
sential. The use of double-layer polysilicon process tech­
nology and single-transistor dynamic storage cells provide 
high circuit density at reduced costs, and the use of 
dynamic circuitry including sense amplifiers assures low 
power dissipation. Multiplexed address input permits both a 
reduction in pins to the standard 16-pin package configura­
tion and an increase in system densities. 

Table 2 compares the M5K4116P, S 16 384-bit dynamic 
RAM with a 4096-bit static RAM. 

Table 2.1 Comparison of the 16,384 bit dynamic RAM 
and 4K static RAM 

~ (Note 1) 

Characteristics 
16K dynamiC RAM 

4K static RAM 

Total power 462mW max 440mW max 

Power/bit 28.2J.LW 107.4J.LW 

Speed ta=150ns ta =200ns 

Powerx speed/bit 4.23pJ 21. 5pJ 

Note 1 M5L2114P-2 

As can be seen, the power X speed per bit of the 16K 
dynamic RAM is 4.23pJ, only 1/5 that of the 4K static RAM. 

Fig. 2.2 Block diagram 

DATA INPUT DIN 

READ/WRITE INPUT R / W 

COLU~~O~~~~~t~ ~ 
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16K-BIT DYNAMIC RAM 

(MSK4116P,S) 

( -5V) Vss (OV) 

DATA INPUT 
COLUMN ADDRESS 
STROBE INPUT 

READ/WRITE 
14 ..... DOUT DATA OUTPUT CONTROL INPUT 

ROW ADDRESS 
RAS ..... 4 STROBE INPUT 

ADDRESS INPUTS 

(12V) VDD Vee 

Outline 16P1 (M5K4116P) 
1651 (M5K41165) 

Fig. 2.1 Pin configuration (top view) 

ADDRESS INPUTS 

(5V) 

Table 2.2 compares that the requirements of the two 
RAM types when a 16K-byte memory system is construct­
ed. 

Table 2.2 Requirements for a 16K-byte memory system 

Device 
Number Over-all Relative Relative 
of RAMS 

Voltage Current 
power power size 

4K-bit 
32 5V @2.56A 12.8W 1 1 

static RAM 

16K-bit 5V * 
dynamic 8 12V @0.28A 3.37W 0.26 0.25 

RAM -5V @2mA 

* Current from Vcc is neglected because Vee is only connected to output buffer 

ROW, ADDRESS RA S 4 >t-----===~:;_:....:.::=r.:..:.=:::.J STROBE INPUT . 

VDD (12V) 

Vee (5V) 

Vss (OV) 

VBB (--5V) 

At 

Az 
ADDRESS INPUTS A 3 

A4 

As 

A6 

8192-81T RAM 

(64 ROWS x 128 COLUMNS) 

128 SENSE AMPLIFIER 

• MITSUBISHI 
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16K·BIT DYNAMIC RAM 

(MSK4116P,S) 

FUNCTION Table 2.3 I nput conditions for each mode 
In addition to normal read, write, and read-modify-write 

operations, the M5K4116P, S provide a number of other 

functions, e.g., page-mode, RAS-only refresh, and delayed­

write. The input conditions for each are shown in Table 2.3 

Operation 

Read 

RAS CAS 

ACT ACT 

Input 

Row 
R/W D,N 

address 

NAC ONC APO 

Output 
Re-

Column Remarks 
°OUT fresh 

address 

APO VLO YES Page 
mode 

ACT VLO APO APO OPN YES 
If you interchange address pins as shown in Fig. 2.3, you 

can get a sequential location map for the 16,384 memory 

bits. 

Write 

Read-
mondlfy-
write 

RAS-only 

ACT ACT 

ACT ACT ACT 

IS Identical 
except 

VLO APO APO VLO YES refresh IS 
NO 

'SEOUENTIAL I I SPEC AD- I 
ADD COUNTER DRESS PIN 
IOUTPUT I 

:u: '(7 

~~:~l 
~ .A2 

ROW 
ADDRESS ~r-------. A4 ROW ADDRESS 

COLUMN 
ADDRESS 

~f-------' A3 

~---------~, As 

[5]r--------~ AO -' 

I5J----:=j[)--A6 
~ .A 1 

I5l ~ A2 

~ • A4 COLUMN ADDRESS 

I5iI · A3 

~ .As 

(5iJ • Ao 

0lP MEMORY 

64 

64 

ACT NAC ONC ONC APO ONC OPN YES 
refresh 

Standby NAC ONC ONC ONC ONC ONC OPN NO 

Note 2 ACT ,active NAC, non-active DNC: don't care VLD: valid APD, applied OPN, open 

ROW DECODER 
( , 

AzA3A4AoA5A, A6 
000000164 
00000000 
0000010 
0000011 
1000001 

~r-

o 1 
o 1 
1 1 
1 1 
1 1 
1 1 

-
-.;:: 

1 a 1 1 a 
1 a 1 1 1 
1 a 1 a 1 
1 0 1 a 0 
1 a 1 1 a 
1 a 1 1 1 

0001001 
0001000 
0001010 
a a a 1 a 1 1 
1 a a 1 a a 1 

'-'Oi="'" 
a 1 1 1 1 1 a 
a 1 1 1 1 1 1 
1 1 1 1 1 a 1 
1 1 1 1 1 a a 
1 1 1 1 1 1 a 63 
1 1 1 1 ,1 1 1 127 

., 

8192,BIT MEMORY ARRAY 

DATA 

128 MEMORY SENSE AMPLIFIER CIRCUITS 

8192-BIT MEMORY ARR,lI, Y 

DATA 

16319 
16256 

16320 
16383 

A6 a 1 1 a a 1 1 a a 1 1 a \\ 1 a 1 1 a a 1 1 a a 1 1 a 

COLUMN 
DECODER 

A, a a 1 1 a a 1 1 a a 1 1 \\ 1 a a 1 1 a a 1 1 a a 1 1 

A5 a a a a a a a a a 0 0 0 \\ 1 1 1 1 1 1 1 1 1 1 1 1 1 
Ao 0 0 0 0 0 0 0 0 0 0 0 a 1 1 1 1 1 1 1 1 1 1 1 1 t 
A4 0 0 0 0 0 0 0 0 1 1 1 1 1\ 0 0 0 0 0 1 1 1 1 1 1 1 1 [

16256] 
63j, 8K 16319 ~~~A~~~~~~R 
64 SENSE =-rAMP 16320 OF SEOUENTIAL, 

-p 8K ADD COUNTI:R 
127.J,~ _____ u 16383 

A3 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 

Az 0 0 0 0 1 1 1 1 0 0 0 0 a 1 1 1 1 0 0 0 0 1 1 1 1 

Fig. 2.3 Method for converting sequential address 

15-10 

Fig.2.4 M5K4116P, S memory map 

• MITSUBISHI 
~ELECTRIC 



MITSUBISHI LSls 
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(MSK4116P,S) 

N-CHANNEL DOUBLE-LAYER POLY SILICON GATE 
MOS PROCESS 

In order to fabricate the M5K4116P, S series, single tran- memory capacitor because of the use of the double poly-

sistor memory cells and the N-channel double-layer poly- silicon gate MOS process, so that the memory cell area is 

silicon gate MOS process are used. There is no diffusion reduced by 75% from that of the previous process. 

area between switching transistor Q and the data-storage 

Si02~ 

\ 
\ 

Si0 2 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

WORD LINE 

DATA LINE 

p-SUBSTRA TE 

WORD LINE 

p-SUBSTRATE 

Voo 

Voo 

Cs 

1ST 
POLYSILICON 

----------+------+---------------WORD LINE 

Fig. 2.5 Memory cell structure 

L-----t t-----O Voo 

DATA LINE 
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16K-BIT DYNAMIC RAM 
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FIELD DOPING (BORON) PHOTO RESIST 

~============================~~Si02 

T 

T 

T 

T 

T 

I ==:.1 \ I '-=t=-:1 
FIELD DOPING (p +) 

T 

\..:-_-: 

1ST GATE POLYSILICON 

1ST GATE OXIDE 

r 

Si02 (2ND GATE) 

T 

T 

MASK 1 

MASK 2 

MASK 3 

Deposit silicon nitride (Si 3N4) on wafer and coat with 

photo resist. 

Define active area with MASK 1 and implant fields. 

Remove photo resist and grow field oxide using nitride as 

mask. 

Grow 1st gate oxide and deposit 1st polysilicon. 

Define 1st polysilicon gate using MASK 2. 

Define 2nd polysilicon gate and diffuse phosphorus W 

dopant for source and drain. 

Deposit oxide and define aluminum contact with MASKs 4 
MASKs 4, 5 and 5. 

MASK 6 
Deposit aluminum and define bonding pad metal inter­

connect with MASK 6. 

T .... ________ p_-_______ ....IT MASK 7 
Deposit passivation oxide and define bonding pad openings 

with MASK 7. 

Fig. 2.6 Water manufacturing process 
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SUMMARY OF OPERATIONS 

Addressing 
To select one of the 16384 memory cells in the M5K 

4116P, S, the 14-bit address signal must be multiplexed ill­

to 7 address signals, which are then latched into the on-chip 

latch by two externally applied clock pulses. First, the 

negative-going edge of the row-address-strobe pulse (RAS) 

latches the 7 row address bits; next, the negative-going edge 

of the column-address-strobe pulse (CAS) latches the 7 

column-address bits. Timing of the RAS and CAS clocks 

can be selected by either of the following two methods. 

ADDRESS 

k-_____ t~d~(R~A~S~-C~A2S~)-__ tT~ __ ~~tT 

td (RAS-CAS) 

Fig. 2.7 Address multiplex 

1. The delay time from RAS to CAS td(RAS-CAS) is set 

between the minimum and maximum values of the 

limits. In this case, the internal CAS control signals are 

inhibited until almost td( RAS-CAS) max ('gated CAS' 

operation). The external CAS signal can be applied with 

a margin not affecting the on-chip circuit operations 

(e.g. access time), and the address inputs can easily be 

changed from row address to column address. This inter­

val is called the 'multiplex time'. Eq. 1 gives the multi­

plex time. 

tMUX =td( RAS-CAS)-tT-th(RAS-RA)-tSU (CA-CAS) 

.... Eq. 1 

In the next conditions, the multiplex time (tMUX) is 

maximized. 

td( RAS-CAS)= max 

th( RAS-RA)= min 

tsu(CA-CAS)= min 
Table 4 shows the maximum multiplex time in the case 

where the access time is not greater than ta(RAS)MAX. 
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Table 2.4 Maximum multiplex time 

Type number t Mux td (RAS-CAS) th(RAS-RA) tSU(CA-CAS 

M5K4116P, S-2 35 ns 50 ns 20 ns -10 ns 

M5K4116P, S-3 45 ns 65 ns 25 ns -10 ns 

M5K4116P, S-4 55 ns 85 ns 35 ns -10ns 

Note 3 : tT =5ns 

2. The delay time td(RAS-CASI is set greater than the maxi­

mum value of the limits. In this case the internal inhi­

bition of CAS has already been released, so that the 

internal CAS control signals are controlled by the ex­

ternally applied CAS, which also controls the access 

time. 

~-----~ 
DELAY TIME MIN MAX 

td(RAS-CAS) 

Fig. 2.8 Read access time vs delay time 

Data Input 
Data to be written ihto a selected cell is strobed by the 

later of the two negative transitions R/W input and CAS 

input. Thus, when the R/W input makes its negative tran­

sition prior to the CAS input (early write), the data input is 

strobed by the CAS, and the negative transition of the CAS 

is set as the reference point for setup and hold times. In 

the read-write or read-modify-write cycles, however, when 

the. R/W input makes its negative transition after the CAS, 

the R/W negative transition is set as the reference point for 

set-up and hold times. 

Data Output Control 

td(RAS-CAS) ta (CAS) 

HIGH IMPEDANCE 
DOUT-----+~~~~~~~ ________ ~ 

ta(RAS) 

Fig. 2.9 Read cycle 
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The output of the MSK4116P, S is in the high-impedance 
state when the CAS is high. When the memory cycle in prog­

ress is a read, read-modify-write, or a delayed-write cycle, 

the data output will go from the high-impedance state to 

the active condition, and the data in the selected cell will 

be read. This data output will have the same polarity as the 

input data. Once the output has entered the active condi­

tion, this condition will be maintained until the CAS goes 

high, irrespective of the condition of the RAS (to a maxi­

mum of 10~s). 

The output will remain in the high-impedance state 

throughout the entire cycle in an early-write cycle. 

READ-WRITE 
----I READ-MODIFY­

EARLY WRITE DELA YEO WRITE 
WRITE 

Fig.2.10 Write cycle 

Table 2.5 Output state in write cycle 

Operation mode Output state 

Early write High impedance 

Read-write. read-modify-write Data valid 

Others Unspecified 

These output conditions of the MSK 4116P, S, which 

can readily be changed by controlling the timing of the 

write pulse in a write cycle, and the width of the CAS pulse 

in a read cycle, offer capabilities for a number of applica­

tions, such as the following. 

1. Common I/O Operation 
If all write operations are performed in the early-write 

mode, input and output can be connected directly to give a 

common I/O data bus. 

2. Data Output Hold 
The data output can be held between read cycles, without 

lengthening the cycle time, until the next cycle commences. 

This enables extremely flexible clock-timing settings for 

RAS and CAS. 
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3. Two Methods of Chip Selection 
Since the output is not latched, the CAS is not required to 

maintain the output of selected chips in the matrix in a 

high-impedance state. This means that the CAS and/or the 

RAS can both be decoded for chip selection. 

4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended be­

yond the 128 column locations on a single chip. I n this 

case, the RAS must be appl ied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 

same row address, and eliminates the power dissipation as­

sociated with the negative-going edge of the RAS because 

once the row address has been strobed, the RAS is main­

tained. Also, the time required to strobe in the row address 

for the second and subsequent cycles is eliminated, thereby 

decreasing access and cycle times. 

Refresh 
Refreshing of the dynamic cell matrix is accomplished by 

performing a memory operation at each of the 128 row­

address locations within a 2ms time interval. Any normal 

memory cycle will perform the refreshing, and the RAS­

only refresh offers a significant reduction in operating 

power. 

Power Dissipation 
Most of the circuitry in the MSK 4116P, S is dynamic, and 

most of the power is dissipated when the addresses are 

strobed. Both the RAS and the CAS are decoded and ap­

plied to the MSK 4116P, S as chip-select in the memory sys­

tem, but if the RAS is decoded, all unselected devices go 

into stand-by independent of the cAs condition, minimiz­

ing system power dissipation. 

Stand-By Current-Refresh Only 
The 100sB (stand-by current of V oo ) and the 

(stand-by current of VBB) are calculated by the following 

equations. 

1. RAS/CAS refresh 

100sB=1 001(Av) X{128 X-t tc } + C(REF) 

1002 x {1-(128 X-t tc )} .... Eq. 2 
C(REF) 

IBBsB=IBB1(Av) X{128 X-t tc }+ C(REF) 

IBB2 X{1-(128 X-t tc ) } .... Eq. 3 
C(REF) 

Assuming that tc=37Sns, 1001lAv)=3SmA, 

IBB1 (Av)=200~A, 1002=1.SmA, 

IBB2=100~A, tC(REF)=2 ms, 

we can obtain following results: 

100sB=3SmA x 0.024 + 1.SmA x 0.976=2.3mA 

IBBsB=200~A x 0.024 + 100~A x 0.976=102~A 

15-14 
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20 

15 

Ta=25"C 

VOO=13.2V 
VBB= -4.5V 
RAS. CAS CYCLING 

10 

23 25 27 

tC(RO) = tc (WR) 
=375ns 
N =50 (5 LOTS) 

AVERAGE 100 (mA) 

Fig. 2.11 Distribution of average 100 

2. RAS-only refresh 

100sB=1 003 (Av) X{128X-t tc }+ 
C(REF) 

33 

1002 X{1-(128 X-t tc )} .... Eq. 4 
C(REF) 

IBBsB= IBB3 (Av) x {128 X-t tc }+ 
C(REF) 

IBB2 X{1-(128 X-t tc )} .... Eq. 5 
C(REF) 

35 

Assuming that 1003 (Av)=27mA, IBB3 (Av)=200JlA, 

we obtain the following results: 

100sB=27mA x 0.024 + 1.5mA x 0.0976=2.1mA 

IBBSB =200JlA x 0.024 + 100JlA x 0.0976=102JlA 

Stand-by current is about 2.1 mAo Therefore, by using 

low-power refresh and external circuits, it is possible to use 

a battery back-up system. 

Table 2.6 Change of stand-by current 

~ 
:1*1 :1*2 

Condition 1001(AV) 1002 1001(AV) 1002 

VBB= -SV 25.3 0.71 26.0 0.73 

VBB=OV 28.0 0.76 28.8 0.78 

Change +% +10.7 +7.0 +10.8 +6.8 
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20 

-
Voo=13.2V 
VBB= -4.5V 15 

r-
RAS =V1H 
Ta=25"C 

r--
~ 

N =50(5 LOTS) 10 

, 
, 

n If-
, 

0.6 0.7 0.9 1.5 0.8 

STAND-BY IDO (mA) 

Fig.2.12 Distribution of stand-by 100 

Power Supplies 

Although the M5K4116P, S require no particular power­

supply sequencing so long as the devices are used within the 

limits of the absolute maximum ratings, it is recommended 

that the V BB supply be applied first and removed last. VBB 
should never be more positive than V ss when power is ap­

plied to V DO. Generally, when V DO is applied and V BB 

is not applied, stand-by current is larger than that in the 

normal state. Table 6 shows this effect. 

Some eight dummy cycles are necessary after power is 

applied to the device before memory operation is achieved. 

Dummy cycles must be executed by the RAS/CAS refresh 

cycles or RAS-only refresh cycles. 

:1*3 :1*4 
Unit 

1001(AV) 1002 1001(AV) 1002 

25.9 0.69 24.9 0.72 mA 

28.7 0.74 27.6 0.76 mA 

+10.8 +7.2 +10.8 +5.6 % 
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;"ELECTRIC 15-15 



2.2 16K-BIT DYNAMIC RAM APPLICATION 

APPLICATIONS FOR DYNAMIC RAM 
Dynamic RAM (Ramdom-Access Memory)s can be very ef­
fective components in the implementation of reliable, high­

performance, low-cost memory systems. However, these de­

vices have several requirements that should be considered. 

Bit-Cell Structure 
First, consider the dynamic memory bit cell, which is quite 

unlike the cell of a static RAM. Fig. 2.13 shows a typical 
single-transistor memory bit cell. The bit cell consists of 
a transistor and a capacitor that constitute a "sample and 

hold" circuit. 

WORD LINE 

,- ---- ------1 
I I 
I I 
I I 

i e,l i L_ _ _________ --1 

SINGLE-TRANSISTOR 
BIT CELL 

Fig.2.13 Single-transistor memory bit cell 

I 

During the write operation, the selected word line is 
brought to an active state (high). This causes the bit cell 
transistor Q, to turn "On" and the data that is placed on 

the bit line is stored in the capacitor Ct. The stored data is 
retained even if transistor Qt turns "Off". 

During the read operation, the selected line is brought 

to an active state (high) again, and the capacitor voltage is 
placed on the bit line. At this time, the read-out data is am­

plified and rewritten on the capacitor internally. 

Because of the theory governing dynamic memory stor­

age, capacitor charge in the cell will gradually leak off, and 
the stored data will be lost. 

For example, a 1 nA leakage current discharging a 1 pF 

capacitor results in a voltage change of 1V per ms. The stor­

age time of M5K4116P, S is shown in Fig. 2.14. If data is to 
be retained for longer than the self-discharge time of the 

cell storage capacitor, typically 2ms, the data must be 

sensed before it is lost and then restored to its original 
voltage level. 
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Fig.2.14 Storage time vs. ambient temperature 

Refresh 

Thus one can see that the refresh function is a very im­
portant requirement for a charge-storage memory, i.e., a 

dynamic RAM. The dynamic memory controller must as­

sure that every bit cell is refreshed periodically enough to 
maintain data integrity. The refresh interval is specified by 

the vendor, and a typical requirement is that each bit cell be 
refreshed every 2ms. 

The M5K4116P, S are 16 384-bit memories constructed 

with 128 rows and 128 columns. All columns in a single 
row in an array are refreshed simultaneously. This means 

that the user must supply 128 refresh cycles each 2ms. 

In order to supply the refresh row address, a refresh 

counter (7 bits) is required and is incremented after each 
refresh cycle. A "two inputs to one output" multiplexer 

is also used to multiplex either the system-supplied memory 

address or the refresh counter-supplied adpress onto the 

dynamic memory row address inputs. 
Refresh Techniques 

In most memory syster:ns it is difficult to guarantee that 
normal memory operations will cause all the rows within a 

memory to be sensed within the specified refresh interval. 

For this reason, most dynamic memory systems have special 

circuitry that will cause all rows of memory cells to be 
sensed within the 2ms interval. 

There are three commonly used techniques for refreshing 

the memories. The first is "burst mode refresh" where all 

memory accesses are inhibited for a fixed period of time 

while all rows are continuously accessed. This mode is 

shown in Fig. 2.15 (a). The second is "cycle steal mode," 
where a single memory cycle is periodically stolen from the 

processor in order to refresh a single row. This mode is 

shown in Fig. 2.15 (b). The third is called "invisible or trans-
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parent mode," where refresh cycles are introduced at the 

times when the memory is not being accessed and thus 

refresh is invisible to the processor. (The processor sees no 

delay due to the refresh function.) This mode is shown in 

Fig. 2.15 (c). The memory cycle of the invisible refresh 
mode is generally longer than that of the first or second 
method because single memory access continues after single 
memory access. 

Design Example 
In designing dynamic memory systems, it is important to 

decide whether the memory refresh will be synchronous 
with the processor or asynchronous. In synchronous re­
fresh, the designer uses a system clock to trigger the refresh 
logic. In asynchronous refresh, however, the designer must 
provide for a local timer to trigger the refresh and memory 
access arbiter. 

This example illustrates the asynchronous refres~ 

method which is more popular than the synchronous re­
fresh in of interfacing dynamic RAMs to microprocessors. 
The memory controller block diagram is shown in Fig. 2.16. 
There are two controllers which access the memory. One is 
the microprocessor, and the other is refresh timer which 
requests a memory refresh every 15.6 fJS (MAX). The 
memory access arbiter decides to which request the 
memory cycle is allocated. If the two controllers generate 
the request simultaneously, the arbiter allocates the memo­
ry cycle to the refresh timer. 

2 MS MAX 

" )) W® ) 
i NORMAL MEMORY CYCLE I IREFRESfi CYCLE 
~ •• , (128 CYCLES) 

(a) Burst refresh mode 
2 MS MAX 

I. .I(~S~)I ~ 
NORMAL MEMORY NEXT MEMORY 
CYCLE CYCLE 

(b) Cycle steal refresh mode 
SINGLE MEMORY CYCLE 

) t· 'I 

SI~?LE MEMORY ACCESS, I, SINGLE REFRESH .1 
(c) Invisible refresh mode 

Fig. 2.15 Refresh techniques 

SINGLE 
REFRESH 

,1(128,T
1
H) 

I REFRESH~ 
TIMER 

CLEAR CPURQ 
ADDRESS 
DECODER 

MICRO-
L-.., PROCESSOR 

SYSTEM 

MWRC 

ADRO-ADR6 

ADR7-ADRD 

DATO-DAT7 

Fig. 2.16 Memory controller block diagram 

Memory timing logic generates the memory clock timing 
(i.e. RAS, CAS, R/W) in accodance with the memory 
cycles. This timing is shown in Fig. 2.18. Three multiplexers 
are used in the circuit of Fig. 2.17. In the normal memory 
cycle, the row address (ADRO"'ADR6) or column address 
(ADR7"'ADRD) is multiplexed by MPXCNT and CPU 
AD R EN. I n the refresh cycle, the refresh address is present 
at MAO "'MA6, which is gated by REFADREN. 

The refresh controller in Fig. 2.17 is also used in 64K 
dynamic RAM applications by changing the refresh address 
counter and microprocessor address multiplexer. 

CPU ADREN 
MEMORY REF ADREN 
ACCESS MEMCTl ARBITOR 

b 
REFRESH MAO-MA6 

ADDRESS 

1 COUNTER 

tCOUNT UP 

REF cOMPl 

ACl-A6 

=B 
DYNAMIC 

MEMORY RAS RAM 

TIMING CAS ARRAY 

LOGIC R/W 

----, 01 DO 

MPXCNT T I ! 
r 1: I DATASTB I LATCH I I MULTI-

PLEXER r 7 .---J 
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NORMAL MEMORY CYCLE REFRESH CYCLE 

TIMING 
CLOCK 

CPURO 

REFRO __ ~~ ____________________ -J 

MEM CYCLE 

OA 

OB 

OC 

OD 

TIMING 
LOGIC 

OF(REF~C~O~M~P~)-+-+ __ -r __ ~ __ +-____ ~ 

OA 

MPXCNT 

R/W 
'---+----~WRITE 

RAM DATA LATCH 

READY ~------N-O~T~R~E~A~D~Y~----~ r------------------------------~ 

Fig.2.18 Example of memory timing 

IO/Mt--------------~ 

RAM AREA SELECT A15 
I ----------~--~~-+~~ 

A8 

ALE 1---------, 

14 AD7 
I 1-+------.--+1 I------I--+-------.<---_ ADRCl-ADRD 

ADO 

M5L8085AP 

IE----+----- DA TO-DA T7 
READY INPUT 
FROM OTHER---~cr", 
DEVICES READY 

RAMACK RDD---+--~--r-a 

WRr---t-,--~~~~-_a~r----------CPURO 

~--~-------------- MWRC 

Fig. 2.19 Design example of microprocessor interface ~ ____ ----1iiII 
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Power Distribution and Decoupling Techniques 
It should always be remembered that dynamic memories, 

while appearing to be rather simple digital devices, are in 

fact highly complex analog systems. They include differ-' 

ential sensing amplifiers that must detect deci volt signals 

buried in noise and must operate in tens of nano­

seconds. For these reasons, the designer should respect the 
complexity involved and take the steps necessary to ensure 

a trouble-free design. 

The layout of dynamic memories is of special impor­

tance. Typical IDD , IBB and Iss current waveforms for the 

M5K4116P. S are shown in our data sheets. Distribution 

and decoupling techniques must be used to suppress these 

noises, which can cause data loss. 
The layout should have an effectively gridded power­

supply distribution network to supply adequate current and 

to minimize inductive effects. The distribution of circuit 

grounding is most important in reducing ground noise and 

inductive effects, and to provide a ground plane for the 
signal lines. An example of the power grid of the M5K 

4116P, S is shown in Fig. 2.20, in which the decoupling 

capacitors are not shown. 
In order to increase the effectiveness of the power grid, 

decoupling capacitors should be used. The capacitors re­
quired fall into two categories. The first consists of capaci­

tors of small size and low inductance such as monolithic 

and other ceramic capacitors, which are adequate for 

suppression of transient noise. The second type consists of 

larger bulk capacitors used to prevent power supply drop. 

These also should be included within the memory array for 

good distribution. 

The decoupling capacitors used in the memory array 

should be of a type that exhibits good high-frequency 

characteristics. It is recommended that a 0.1 J1F ceramic 

capacitor be connected between V DD and V ss at every 

other device in the memory array. It is also recommended 

that a O.lJ1F ceramic capacitor be connected between VaB 

and V ss at every other device in the array, preferably the 

devices alternate to the V DD decoupling. Decoupling of the 

V cc is fairly noncritical. The capacitors are connected at 

the top and bottom of each column of memories. 
In addition to the ceramic capacitor, it is recommended 

that a 2,..., 5J!F tantalum or equivalent capacitor be con­

nected between V DD and V ss adjacent to the array for 

each group of 16 memory devices. Use of a slightly smaller­

value bulk capacitor is also recommended between V BB and 

Vss. An example of capacitor placement is shown in Fig. 

2.21. 
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vcc~= •• =.= vss]C 

vcc-...."...-~ 

vcc;;;a= VDD 

Vss 

::~~~~~~~~f!:::::::VBB 
VD~~V~BV~C VSSVBB v:cc "'5S 

Note 7 The dotted lines show the soldered side of the P.e. board, 

Fig. 2.20 Suggested power grid for M5K41116P, S 

c c c c c c c c 

$00000000$ 
$DDDDDDDD~ 
~DDDDDDDD~ 
$DDDDDDDD~ 

A B A B A B A B 
C C C C C C C C 

Fig. 2.2 Effective capacitor placement 
for the M5K4116P, S 

Signal Lines Effects 

A=O.l,uF from Voo 

to VSS 

B=O.l,uF from VBS 

to VSS 

C=O.l,uF from Vee 

to Vss 

D=4.7,uF from Voo 

to VSS 

E = l,uF from VSS 

to VSS 

By carefully laying out the circuit to minimize signal path 

length, one can reduce effects due to the transmission-line 

properties of the PC board. However, this may not be suf­

ficient. It is necessary to add a series-terminating resistor 

to the output of the clock driver in order to match line im­

pedances and damp out reflections caused by mismatching 

between the driver's source impedance and the character­

istic impedance of the line. 

In order to avoid to cross talk problems, all signal lines 

should be kept as short as possible. This implies that the 

signal drivers and receivers should be physically close to the 

memory array. 
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3. 64K-BIT DYNAMIC RAM 
3.1 Technology 
Since the introduction of the I K RAM in 1970, the 
development of dynamic RAM devices has progressed at a 
rate which has seen capacities multiplied by four in 
approximately 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 (Type M5K4164S) which operates 
from a single 5V supply. 

Fig. 3.1 shows the cross-section of the cell structure with 
Table 3.1 summarizing a comparison of the basic para­
meters of the device with the 16K RAM. 

Cell Structure and Process Technology 
The M5K4164S 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 
(M5K4116 PIS) which has been used in large quantities. 

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

In addition, the geometries on several critical levels of 
the M5K4164S are 2.5 to 3. OJ,.Lm , necessitating the use of 
positive photo-resist (for resolution and delineation con­
trol) as well as dry-plasma processing at these critical levels. 

POLY Si 2 AI WORD LINE POLY Si 1 

~ _________________ .L __ 

p+ 

IE 
Hi-C REGION 

Fig.3.1 Hi-C structure memory cell cross-section 

Table 3.1 Main Parameters 

Parameter 16K RAM 64K RAM 

Memory cell area 350.um2 200.u m 2 

Chip area 16.3mm 2 31.3mm 2 

Effective channel length 4.um 2.um 

Gate oxide thickness 850.6. 430.6. 

Diffused layer depth 1.0.um 0.5.um 

Diffused layer with 4.0.um 3.0.um 

Aluminum width 4.0.um 3.0.um 
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Substrate Bias Circuit 
In order to facilitate the operation from a single 5V supply, 
the M5K4164S makes use of an on-chip substarate biClS 
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. 3.2). 

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

bipolar transistor operation caused by input undershoot 

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 (VT H) modulation due 
to a bias substrate is reduced, resulting in increased 
circuit operating speed and stability. 

CHARGE 
PUMP CIRCUIT !---=1 

~
SUBSTRATE 
BIAS 

I r DECOUPLING L ____ J CAPACITOR 

Fig.3.2 Substrate bias circuit 

As shown in Fig. 3.3, 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 V1L min of -2V. 

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. 3.4 was used. 

With this circuit, the current flowing in transistors 0 1 

and O2 for changes in the output waveform is practically 
zero. 
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Fig.3.3 Substrate bias vs supply voltage 
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Fig.3.4 Driver circuit 
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POWER SUPPLY CURRENT VS 
TIME MANUFACTURER 

60 

40 
I eC<mA) 

20 

o 

Vee=S.SV, Ta=2S·C 

TIME t SOns/DIVISION 

RAS 

CAS 

60 

40 
leC<mA) 

20 

TIME t SOns/DIVISION 

Fig. 3.5 Peak current waveforms 

Soft Error Reduction 
Reduced pattern sizes and lower supply voltages for 64K 
RAM devices which result in smaller storage charges result 
in a higher susceptibility to alpha particles caused soft 
errors. 

These soft errors are caused by alpha particles from 
minute amounts of uranium and thorium which are present 
in the Ie 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 caused 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 
possible. 
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 M5K4164S makes use of these 
techniques to reduce the effects of alpha radiation. 
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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 circu it design such as that shown in Fig. 3.6 is 
used. The transistor Oz is kept off until the word line 
voltage reaches Vee. This has the word line charge 
capacity. Cz is then charged by means of transistor 0 3 after 
which Oz is turned on to connect the word line and Cz . 
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%. 

r-------, 
I I 
I I 
I 
I I 
I I 
I WORD LINE: 
I SIGNAL I 
'GENERATION' 
L_~!...RS.Y.!I_J 

¢ WL WORD LI NE 

Vee 

I I 
I : 
: DELAY CIRCUIT i L _____________ J 

Fig. 3.6 Bootstrapped word line voltage generation circuit 

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. 
3.1 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 involved the risk of 
deterioration of the refresh time, an important characteris­
tic of a dynamic RAM device. By selecting the ion 
implantation level properly, the junction capacitance can be 
increased without deterioration in the refresh time charac­
teristic. For Hi-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 
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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. 3.7. 

10 6 241 Am8.4J,lCI RADIATION SOURCE 

DISTANCE TO SAMPLE: 5mm 
CYCLE TIME: lJ,ls 

10 5 

10 4 

~ 
f-
i==: 
co 10 3 

a: 
0 
a: 
f5 

10 2 

10 

vcc<V) 

Fig.3.7 Soft error rate dependency on supply voltage (Vee) 

Sense Amplifier Circuit 
Increasing the sensitivity of the sense amplifier circuit is 
another effective method of reducing soft errors. Fig. 3.8 
shows part of the sense amplifier circuit used by Mitsubishi 
Electric. High sensitivity with respect to the control signals 
¢1, <Pz, and ¢3 plays an important role in th is ampl ifiers 
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, ¢z is applied and amplified at 
high speed. By careful adjustment of the timing of the three 
control signals ¢1, ¢z, and ¢3, detection of potential 
differences as low as 30mV can be achieved without 
sacrificing speed in this sense amplifier circuit. 

• MITSUBISHI 
r.ELECTRIC 15-23 



~ 
MEMORY CELL 

'----v--------' 
SENSE AMPLIFIER 

Fig. 3.8 Sense amplifier circuit 

128 Refresh Method 

'------v------­
MEMORY CELL 

When the sense amplifiers 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 tN by the following 
relationsh ip. 

Ll V ~ O/Cs (for Cs }) Cs ) 

where Cs is the bit line and Cs is the memory cell 
capacitance. 
From this relationship it is seen that to make LlV 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. 3.9 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. 

256 COLUMN DECODERS 

64x256 MEMORY CELLS 0(1) 
ZI-

(I) __ -l cr: 256 SENSE AMPLIFIERS 
<l:S 

cr:o W a: u 
Wcr: 0 ocr: 
LL.I- 0 64x256 MEMORY CELLS I-u LL. z u <l:1-
~8 W 

0 
256 COLUMN DECODERS ffi~ 

~I :s: ZI-
w(I) 0 W:::J 
cr: W cr: 64x256 MEMORY CELLS "0 
0eI: 

<0 
,,--

oLL. Z~ 
<l:w I!) 

256 SENSE AMPLIFIERS eI: N ~~ 
64x256 MEMORY CELLS 

1--

256 COLUMN DECODERS 

Fig. 3.9 M5K4164S Chip arrangement 
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Chip Coating 
In addition to circuit and device structure improvements 
aimed at reducing soft errors, the design goal of 10-61 
(device hours) required further improvements. The effective 
range of travel of 5MeV alpha particles in organic resin is a 

quite short 3(}-50~m, enabling almost all alpha particles to 
be shut out by coating the silicon chip surface with such a 
resin to a thickness of about 40~m. 

When this is done, however, alpha particles emitted from 
the coating material itself cause errors, making material 
selection critical. The polyimide resin chosen exhibits an 
alpha radiation level of 0.005a/(cm 2 ·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 the package material itself. 

Before ceiling the package, this material is coated to a 
depth of 40j.Lm resulting in at least an expected 90% 
reduction in alpha particles over non-coated chips. 

System evaluations of the M5K4164S treated in such a 
manner indicate that 10-7 I(device hours) for soft error has 
been ach ieved. 
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The M5K4164S is a 64K-bit dynamic RAM which operates 

off a single 5V supply and has a refresh function built in by 

means of pin 1. It can be used in a wide range of 

applications from large mainframes to microcomputers. 

As show in Fig. 3.11, 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. 

This section presents a functional description of the 

M5K4164S and examines how it can be used in design of a 

memory system. 

Because leakage current would result in the stored charge 

of the cell being reduced with time, the data must be 

refreshed within 2ms. 

Block Diagram 
Fig. 3.10 shows the block diagram of the M5K4164S. To 

preserve the refresh cycle used for 16k dynamic RAM 

devices, two 32k (two 32k [128 rows (refresh address) x 
256 columns] blocks were arranged one on top of the 
other. 

BIT LINE 

In the center of each block is located 256 sense 
amplifiers making a total or512 amplifiers in all. 

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

Fig. 3.11 Memory cell 

To prevent crosstalk between the column address lines 

and bit lines, the column decoder are located at the ends of 
the bit lines on the opposite side from 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 D 

WRITE CONTROL INPUT W 

COL~fR~~f?~pEJf CAS 

ROW ADDRESS 
STROBE INPUT 

REFRESH INPUT 

ADDRESS INPUTS 

Fig. 3.10 Block diagram 
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FOR REFRESH CONTROLLER CIRCUIT 
NORMAL CYCLE TO "1" 

<PRAS 
.----------ACTIVE 

The M5K4164S 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. RAso---+---I 

<PRAS ;10----..--- PRECHARGE 

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. 3.13 shows the timing parameters of the RAS and 
CAS clocks while Fig. 3.14 and 3.15 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. 

<POD 

<PCAS 
.-------.. ACTIVE 

<PCAS 
/O---"PRECHARGE 

OUTPUT DISABLE 

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 is controlled by the external RAS clock. 

Fig. 3.12 Internal clock generator of RAS and CAS 

~ 

td (RAS-CAS) 

Fig. 3.13 RAS, CAS timing 
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(1) CAS Falling Edge Timing (Fig. 3.14) 
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. 3.14, 
the internal 1>CAS phase is prevehted by the delay phase 1>1 
from approaching td(RAS-CAS) max. This type of opera­
tion is referred to as gated CAS. 

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

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

clock phase 1>CAS is delayed, the effective pulse width of 
1>CAS is reduced. For this reason, the rising edge of CAS is 

specified by th(RAS-CAS) which is reference to RAS rather 

that tw(CAS L). This applies to the column address,W and 0 
inputs hold time as well. 

As shown by the dotted line in Fig. 3.14, if CAS falls to 

a low level after td(RAS-CAS) max, the 1>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 

M5K4164S. Operation within the td(RAS-CAS) 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. 

~ 
CAS INHIBIT 

<PCAS 
INTERNAL CAS 

td (RAS-CAS) Max 
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(2) CAS Rising Edge Timing (Fig. 3.15) 

As shown in Fig. 3.15, the internally generated CAS circuit 

precharge signal 1>CAS 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, 1>EAs is generated with the CAS rising edge as a 
reference point (as shown in Fig. 3.15 as a solid line). If 
however the CAS rising edge occurs after that of RAS, 
1>CAS is generated with the RAS rising edge as a reference 
(shown as dotted line in Fig. 3.15). 

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 

long 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 system design. 

<PCAS 
INTERNAL 
CAS 

<POD 
OUl PUT 
DISABLE 

<PCAS 
INTERNAL 
CAS 

Fig.3.14 The timing relationship of RAS and CAS falling Fig. 3.15 Relationship of RAS and CAS rising edges to 
edges to internal clock signals (gated CAS operation) internal clock timing 
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Address Timing 
Addressing of anyone of the 65,536 memory cells of the 
M5K4164S 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. 3.16 shows the timing 
relationships for this operation. 

Fig. 3.16 Row address latching timing 

The setup time tsu(RA-RAS) and hold time 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. 3.17 shows the timing relationships for this operation. 
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Fig.3.18 Address multiplex timing 

The multiplex time t mux is given by the following 

expression: 

t mux = 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 t mux is achieved by the 

following conditions. 

td(RAS-CAS) = maximum 
ta(RAS-RA) = minimum 
tsu(CA-CAS) = minimum 

Table 3.2 shows actual values of t mux maximum for tT = 

5ns. 

The setup time tsu(CA-CAS) and the hold time th(CAS-CA) Table 3.2 Maximum Multiplex Time 

are specified with the falling edge of CAS as a reference, 
while the hold time th (R AS-CA) is specified with the falling 
edge of RAS as a reference point. 

RAS VIH 
VIL 

th(RAS-CA) 

CAS VIH 
VIL 

Fig. 3.17 Column address latching timing 

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

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

The other parameter is the column address hold time 

th(RAS-CA). For the previously described gated CAS 
operation, if RAS to CAS delay time td(RAS-CAS) is set 
between the specified minimum and maximum values, the 

time from RAS, th (R AS-CA) and time from CAS, 
th(CAS-CA) must both be satisfied as the column address 
hold time. This applies to both the Wand 0 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. 3.18. 

~ Device 
tMUX max td (RAS-CAS) th (RAS-RA) tsU(CA-CAS) 

M5K4164S 55ns 75ns 20ns - 5ns -15 
M5K4164S 75ns 100ns 25ns - 5ns - 20 

If the timing is set to satisfy the above described, 
operation is guaranteed for both read and write functions. 
To simplify the following description, the timing para­

meters for address inputS has been eliminated unless 
absolutely required. 
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Read Cycle 

Fig. 3.19 shows the timing parameters for the read cycle. 

RAS VIH 
VIL 

CAS VIH 
VIL 

W VIH 
VIL 

Q VOH 
VOL 

Fig.3.19 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, td(RAS-CAS)' The relationship for the ta(RAS) and 

td(RAS-CAS) is shown in Fig. 3.19. 

As can be seen from this figure, by setting td(RAS-CAS) 
before td for gated CAS operation, ta(RAS) do~s not 

depend on the value of td (R AS-CAS) and is constant. 

For td(RAS-CAS) set after t d , 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(RAS) 

ta 

min td max 

td ( RAS- CAS) 

INTERNAL CAS 
GENERATION 

Fig. 3.20 Dependency of taIRAS) on td(RAS-CAS) 
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ta(RAS) ~ td(RAS-CAS) max + ta(CAS) max ... (3) 

In equation (3), for a value of td(RAS-CAS) greater than 

the maximum value, tal 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 

V OH and VOL' 

The read cycle parameters th(CAS-R) arid th(RAS-R) 
determine the read cycle ending time. Operation is guaran­

teed if either of these parameters are satisfied. 

Write Cycle 

Th ree types of write cycles are specified; early write, read 

write and read modify write. 

(1) Early Write Cycle 

Fig. 3.21 Illustrates the timing relationship for this cycle. 

This cycle is selected for applications such as I/O 

common applications in which the output is held at high 

impedance during the writing of data into the memory cell. 

This cycle is executed by causir.g the W input to fall 

before CAS. 

The Wand 0 inputs are latched by CAS, then the 
writing of data is executed, the Wand D input timing para­

meters 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 input may occur 
anytime within after 10ns ofthe falling ege CAS. 

However, should the W input falling edge occur after 

CAS, the rising edge of W is determined not by th(CAS-W), 
bu t by tw (W ) . 

The other point for consideration is setting 

td(RAS-CAS) between the minimum and maximum values. 
For this condition, 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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RAS VIH 

VIL 

th(AAS-W) 

CAS VIH 

VIL 

tsu (W-CAS) th(CAS-W) 

tw(W) 

W VIH 

VIL 

th(CAS-O) 

0 
VIH 

VIL 

th(AAS-O) 

Q VOH 
HIGH IMPEDANCE 

VOL 

Fig. 3.21 Early write cycle timing 

(2) Read Write Cycle Timing 

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. 3.22. 

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 input can 

VIH 
RAS 

VIL 

td(AAS-W) 

VIH 
CAS 

VIL 

W 
VIH 

VIL 

o 

ta(CAS) 

VOH 

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 reference 

point for the D input setup time tsu (D-W) and hold time 

th(W-D)· 
Date 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. 

th(W-AAS) 

th(W-CAS) 

tW(W) 

th (w-O) 

VALID DATA 

Q --------~----------------------------~I VALID DATA 
VOL 

Fig. 3.22 Read write cycle timing 
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(3) Read Modify Write Cycle 

This cycle is used in applications such as EGG (see section 
on EGG) 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. 3.23 shows the timing parameters of 
the read modify write cycle. 

The RAM operation is the same as the previously 
described 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 

RAS 

CAS 

w 

o 

Q 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

+ tW(RASH) min + 3tT 

ta(RAS) 

Fig.3.23 Read modify write cycle timing 

'" (4) 
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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 tc R M W m in is specified 

for tMOD = O. 
As previously descri bed, the M5K4164S 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 W input falling 

edge does not satisfy the conditions described for the three 
write modes, data will be written but the output state will 

be indeterminate. 

th(W-RAS) 

VALID DATA 
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Page Mode T!ming 
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. 3.23. The 
other parameters are the same as for normal cycles. 

Fig. 3.24 Page mode cycle timing 

To perform page mode read and write operations, the 
RAS low-level pulse width, tW(RASL) must be increased, 
the maximum value being 10jls. The high-level CAS pulse 
width, tw (C AS H) is specified separately for the normal 
mode cycle and page mode. For the page mode, the pulse 
width 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. 
3.24. This applies to W as well. 

Refresh 
Referring to the block diagram of Fig. 3.10, for each RAS 
cycle, one word line is selected for each of the upper and 
lower blocks, enabling access to 512 memory cells. Next, 

RAS 

OAS 

w 

Q 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

Fig. 3.26 Hidden refresh timing 

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 re-
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the 512 sense amplifiers operate to amplify and refresh the 
cell data. Address signal A, (Row) has no connection with 
this refresh operation since it is used as a block select 
address for data read and write operations. 

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. 

Both distributed and burst mode refresh can be per­
formed. 

Fig. 3.25 shows the timing parameters for RAS only 
refresh operation. 

Q VOH -----HIGH-IMPEDANCE STATE---­
VOL 

OAS =VIH Vi, A7, D=don't care 

Fig.3.25 RAS only refresh timing 

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. 3.26 shows the timing parameters for hidden refresh 
operations. 

freshing is continued. 
Timing design is simplified because the W may be 

changed in any state during hidden refreshing. 
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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 circuitry. The following is an 
operational description of these circuits. 

TIMER 

CONTROL 
SIGNAL 

REFRESH 
REQUEST 
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(1) Refresh Control Circuit 

Fig. 3.27, is 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. 3.26, 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 CONTROL 
CONTROL 

¢w 

Ao-A6 

Fig. 3.27 Refresh circuit block diagram 

SIGNAL REFRESH ADDRESS 

CIRCUIT COUNTER 

I 
MUL TIPLEX SIGNAL 

! 
REFRESH 
ADDRESS 

(7-8IT) -----;. 
REFRESH ADDRESS 

MUL TI-PLEXER 

REFRESH COMPLETED SIGNAL 

INTERNAL 

RAS SIGNAL "-

CAS 
INHIBIT 
SIGNAL 

L/ 

~ 
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(2) Refresh Counter Circuit 
The M5K4164S 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 if>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 16Ms, counting up in synchronous to 
the refresh request signal REFREO (described afterwards). 
A complete cycle and return to the original state requiring 
that the REF input be held low for 16Ms x 128 = 2 ms. 

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 approxi­
mately 8 dummy cycles of RAS, RAS/CAS, or REF. 
Therefore, no special initialization is required for this 
refresh counter. 

AO 

A1 

A6 

MUX 

~ 
¢w Qo 

MUX------ITO 00 01 

Fig. 3.28 Refresh address counter and multiplexer circuits 
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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 will cause the specified refresh time to be exceeded, 
and therefore should be avoided. 

(3) Address Multiplexer 
Fig. 3.28 shows the M5K4164S onchip address multiplexer. 

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. 

;PAL 

06 

MUX 

REFRESH ADDRESS 
COUNTER 

~--.. Ao 

.A"I---~AO 

~--.. A6 
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(4) Timer Circuit 
Fig. 3.29 shows the timer circuit block diagram while Fig. 

3.30 illustrates its timing. 
In the circuit of Fig. 3.29, the oscillator provides the 

substrate bias as well. The other circuits are active when 

REF is low. 
When REF goes low, transistor 0 1 turns on, O2 turns 

off and the charge stored in C2 passes through the 

rectifying circuit C2 and 0 1 to discharge upon the falling 
edge of the oscillator output signal. The charge for one 
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(TO REF 
CIRCUIT) 

cycle of the oscillator output is proportional to the ratio of Fig. 3.29 Timer circuit block diagram 

the capacitance of C1 and C2 . 

The ratio of C1 to C2 is chosen such that the voltage 
across C2 for an oscillator repetition period of 12 to 16Jls is 
approximately equal to the threshold voltage of the next 
gate. When the C2 voltage reaches VT H, the refresh request 
signal REF REO goes active, causing the RAM refresh 

operation similar to the autoamtic refresh external signal 
REF. When C2 is charged by REFREO, REFREO 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 2 

ms. 

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

data. 
Fig. 3.31 shows the timing of the automatic refresh 

operation. 
Automatic refresh begins when REF is set to low 

tW(RASH) after RAS goes high. 
Shortly after the refresh cycle begins the internal RAS 

signal begins to operate to strobe the refresh counter 

(1) Multiple pulse mode 

td(RAS-REF) 

(2) Single pulse mode tw (RASH) 

TIMER 

REFREQ 
INTERNAL 
RAS 

;; IJ \..... 
\~--~r----~J~ 

~~~ 
------------~J~.Jf\-------­
~~~ 

Fig. 3.30 Timer circuit timing 

output 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 hot 
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. 

tW(RASH) 

I---~'------'---+I td (REF - RAS) 

tSU(REF-RAS) 

Fig. 3.31 Automatic refresh timing 

tW(REFL) 
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Fig. 3.32 Self refresh timing 

For details refer to the specifications. 

Self Refresh Timing 
Self refresh is generally used for battery backup of memory 

contents. 
Fig. 3.32 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 tW(RASH) 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 

automatically refreshed. This operation is repeated with a 
period of from 12 to 16J.(s. After 2ms, the refresh counter 
has gone through all of the row address, refreshing all 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. 3.30) so that one 

cycle time of t d ( R E F-R AS) 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. 
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Notes on the Use of Pin 1 
When pin 1 is not to be used to refresh the chip, it should 
be handled in the following manner. 
(1) Since pin 1 refresh is inhibited by setting the REF 

input to high, the input should be set between VI H 

min and VI H max. (The pin 1 input leakage current for 
VIN = 6.5V is guaranteed to be below 10J.(A.) 

(2) When the above method is not possible, pin 1 should 
be left open. Since as shown in Fig. 3.33 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 (Vee) when left open. 
However, when the input is set low in order to perform 
a refresh operation, a current flows from Vee to the 
input terminal. This resistance is made a very high 
value (approximately 3Mfl) in order to guarantee the 

specified leakage current of 10J.(A maximum for V IN = 

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

Vee 

PULL-UP 
MOS Veep~ 

>Vee +VTH 11 
- ~ I 
REF TERMINAL PROTECTIVE I 

STRAY RESISTANCE STRAY 
CAPACITANCE 1r 500n -r- CAPACITANCE 

~F ~F 

Fig. 3.33 REF input equivalent circuit 
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3.3 M5K4164S Bit Map 

Introduction Address Decoder 
To facilitate the generation of worst-case pattern checking 
and the optimization of test sequences, it is necessary to 
know the internal topology of a memory device. This 
section will examine the internal topology of the M5K-
4164S. 

Fig. 3.35 shows the address decoder. To optimize pattern 
layout, the decoder is arranged as shown in Fig. 3.35. 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. 

Memory Array 
Fig. 3.34 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 are located to the left of the memory 
cells while the colum decoder are located parallel to the 
cells. 

~I 16K MEMORY ARRAY 

< 8~==============~ 8a~,-1 __ 16~K~MMET.MT,O~R~Y~A~R~R~A~Y~ 
COLUMN DECODER 

50:1 1 < . 16K MEMORY ARRAY (f) D 

:=, ============:1 (f) 
. 16K MEMORY ARRAY 

Fig. 3.34 Memory array location 

ROW ADDRESS 
I -, 

A7 A5 A3 Al 
AO A4 A2 A6 

t 

I 
0 0 o 0 000 0 0 

o 0 o 0 0 0 0 1 1 

000 
16384-81T MEMORY ARRAY 

000 1 1 3 

o 0 0 0 0 0 1 0 2 DATA 

1 1 256 SENSE AMPL~:IER CIRCUITS 1 \, 

0 1 1 1 1 1 o 0 16384-81T MEMORY ARRAY 

0 1 1 1 1 1 0 1 --
DATA 

0 1 1 1 1 1 1 1 127 

0 1 1 1 1 1 1 0 126 

A7 0 1 1 0 0 1 0 1 1 o 0 1 1 0 

A6 0 0 1 1 o 0 0 0 1 1 o 0 1 1 

A1 0 0 0 0 1 1 o 0 0 0 1 1 1 1 

COLUMN A2 0 0 0 o 0 0 1 1 1 1 1 1 1 1 
ADDRESS A3 0 0 o 0 o 0 1 1 1 1 1 1 1 1 

A4 0 0 o 0 0 0 1 1 1 1 1 1 1 1 

A5 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

AO o 0 0 0 o 0 1 1 1 1 1 1 1 1 

1 o 0 0 0 0 o 0 
,. 

128 

1 0 o 0 o 0 0 1 

1 0 0 o 0 0 1 1 16384-81T MEMORY ARRAY 

1 0 o 0 o 0 1 0 DATA 

I I 256 SENSE AMPL;:IER CIRCUITS [ 
1 1 1 1 1 1 o 0 16384-81T MEMORY ARRAY 

1 1 1 1 1 1 0 1 
DATA 

65534 

1 1 1 1 1 1 1 1 255 

1 1 1 1 1 1 1 0 254 

PIN 1 

o 

~65535 

~ 

Fig. 3.35 Address decoder location III!!I ________ IM 
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For the arrangement of Fig. 3.35, Table 3.3 shows the 
addresses that will be accessed for sequentially incremented 
binary addresses if A6 (row) is the least significant bit and 
Ao (column) is the most significant bit. 

Bit Topology 
For the purposes of simplified explanation, we have 
assumed 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. 3.36 is 
used. 

•••• WORD LINE 

IS\SSI GATE o BIT LINE 

BO 

COLUMNS 

B1 
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For this reason, this layout must be considered carefully 
when designing tests which detect interference between 
adjacent cells. 

Data Polarity 
Because the sense amplifiers are located in the center of the 
bit lines of the M5K4164S, 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 3.4. 

B2 B3 

wolIlI .... IIIIII~II .... IIII .... 1 

VJ 

s: o 
a:: 

[ 
W1 

W2 

W3 

W4 

w5111111 __ ........ lIlIiI~II .. 1i1i 

W6 

W7 

SENSE AMP. ~ I I 
J J 

I I 
I I 

I I 
I I 

[ 

The area represented here IS phYSically located In the upper left hand 
corner of the array 

Fig. 3.36 Simplified internal bit topology 
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Table 3.3 Address Coding 

Column Row 

(MSB) (LSB) 
Cell No AO As A4 A3 A2 Al A6 A 7 A7AoAsA4A3A2A1AS 

0 0 0 0 a 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 

32 767 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 1 1 1 1 1 

Table 3.4 Data Polarity Arrangement 

A7 AD 

(row) (row) 

0 

0 

1 

0 

1 

1 

Input Memory Output 
cell 

data data data 

1 1 1 

0 0 0 

1 0 1 

0 1 0 

1 0 1 

0 1 0 

1 1 1 

0 0 0 

~~ 
Write Read 
Operation Operation 
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3.4 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 in­
volved in the design of a dynamic RAM board. 

Power Distribution 
Fig. 3.37 shows the current waveform of an M5K4164S 
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 5""'10ns 
represents the risetime which is observed at 50ns per divi­

sion. With rise and fall times of this magnitude harmonic 
noise components above 10MHz are generated. It is there­

fore necessary when designing the board power distribution 
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. For a O.lJ.LF capacitor 
value used with a 250ns cycle RAM, the spike voltage is 
given by the following expression. 

1 . 80m A 
v = - J Idt =--- x 50ns = 40mV 

c O.lJ.LF 

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 
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. 3.39 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 
distri buti on. 

Fig. 3.38 (a) shows the lumped constant equivalent cir­
cuit for a PC board. Ls and Rs represent the PC board 
inductance and resistance respectively. If we let the Ls 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 • dt = 10nH x 50nS = 16mV 

Rs I = 4mQ x 80mA = 0.32mV 
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Since the effect of the series resistance Rs compared to 
that of the series inductance is very small, it may be 
neglected. The series resistance of Ls is frequency de­
pendent, increasing with increasing frequencies. 

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

~ 
RAS 

U CAS 
~ 
(f) 

f-

a5 100 
a: 80 
a: Icc 60 
=> (mA)~8 u 

:; 0 

2:: 100 => 
(f) 

Iss ~8 
(mA) ~8 

0 

50ns /DIVISION 

TIME 

Fig. 3.37 Supply current vs time RAS/CAS cycle 
RAS only cycle 

Rs Ls 

Fig. 3.38 (a) PC board trace equivalent circuit 

Rl Ll 

vee 

R2 L2 R3 L3 

f' C'In 
RS = Rl + R2 + R3 

Ls = L 1 + L2 + L3 

Fig. 3.38(b) PC board trace equivalent circuit with 
decoupling capacitors 
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GND Vee 

Vee-­
GND-

Vee- -
GND-

Vee-­
GND-

GND Vee 

Fig.3.39 Gridded power distribution and decoupling 
capacitors 

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 M5K4164S 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 driving 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 51ft 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 lines 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. 
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Logical Considerations 
For memory systems with critical timing, it is necessary to 
consider the propergation 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 
memory/drivers and for address 16 memories/driver are 
recommended. 
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3.5 M5K4164S Refresh Methods 

Introduction 
The refreshing of the M5K4164S cell matrix requires the 
refreshing of 128 row addresses at least every 2ms. In 
addition to the previously available RAS-only refresh 

Automatic Refresh 
Automatic refresh begins after RAS precharge (RAS = V I H) 

upon setting RAF (pin 1) to low. This method is quite 
similar to the RAS-only refresh with the refresh address 

VIH 
RAS 

VIL 

td (RAS- REF) to (REF) 

VIH 
REF 

VIL 

Note CAS, Address, D and Ware don't cares. 

Symbol Parameter 

to (REF) Automatic Refresh Cycle Time 

tw(RASH) RAS high pulse width 

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

tw (REFL) REF low pulse width 

tw(REFH) REF high pulse width 

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

tsu(REF-RAS) REF pulse setup time before RAS 

Fig. 3.40 Automatic Refresh Timing 
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method, the M5K4164S provides REF (pin 1) automatic 
refreshing, and self-refrestling. This section will cover the 
application of REF refresh operations. 

counter output present as a 7-bit word for automatic 
refreshing, the refresh counter being automatically in­
cremented at the end of the refresh cycle. Fig. 3.40 shows 
the automatic refresh timing. 

tw (RASH) 

tsu (REF'RAS) 

td (REF-RAS) 
tw (REFL) 

M5K4164S·15 M5K4164S-20 
Alternative 

Limits Limits Unit 
Symbol 

Min Max Min Max 

tFC 260 330 ns 

tRP 395 480 ns 

tRFD 100 120 ns 

tFP 80 8000 100 8000 ns 

t FI 135 150 ns 

tFSR 30 30 ns 

tFRD 295 360 ns 
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Automatic refresh has many advantages over the RAS­
only refresh method generally used previously. As shown in 
Fig. 3.41, RAS-only refresh generally requires logic cir­
cu itry. This consists of the row-address, column-address and 
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{
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~~j j 
0: I LL 
W , 
0: , , -I RE 

I ADDRESS , 
, INCREMENT I L ____________________ ~ 

Fig. 3.41 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. 3.42 (a). With automatic refresh, RAS is used 

A17 »--Wl,.---RAS3 (BANK 3) 
I I 

A16 rl\! i 

_

_________ --' RAsa (BANKO) ~RE=F~CY-~C~L~E ____ ~ 

RAS 

Fig. 3.42 (a) RAS decoder in RAS-only refresh 
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refresh address multiplexer and refresh address counter. 
With automatic refresh, the dotted area shown in Fig. 3.41 
may be eliminated. 

r--

~o: 
W 
LL 
LL 
:::J 

~ci> 
W 
0: 
0 
0 
<t 

-

A7 A6 
A5 
A4 

A3 
A2 
Al 
AO 

during the memory cycle and REF for the refresh cycle 
independently so that the game shown in FiQ. 3.42 (b) can 
be eliminated. 

S32 

A17 B RAS3 (BANK 3) 

: 
A16 

! 
I 

p---,cr-b.--w...----- RASO (BANK 0) 

RAS 

Fig. 3.42 (b) RAS decoder using REF pin 
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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. 
3.43 (a) and Fig. 3.43 (b) respectively. 

REFRESH I 
CYCLE ----.J 

START 

L 
ADDRESS " REFRESH ADDRESS " 
AO-A6 _____ ~J----------------------~~ __ 

I 

1 
I 

Fig. 3.43 (a) RAS-only refresh timing 

REFRESH I l-, 
CYCLE ---I 

iSTART 

REF 4~-----'{1+-: _t~3 ----+I.i 

Fig. 3.43 (b) Automatic refresh timing 

For RA5-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 

VIH -
RAS VIL -

td (RAS-REF) 

REF 
VIH - 'i VIL -

Note: Addresses, CAS, D andW are don't care. 

Symbol Parameter 

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

tw(REFL) REF low pulse width 

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

Fig. 3.44 Self· Refresh Timing 
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(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. 

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 is low, making use of an 
internal timer to automatically refresh the row addresses 
every 12"" 161ls wh ich enables all cells to be refreshed 
within 2ms. The rising edge of REF terminates the refresh 
operation and after one cycle (td (R E F.RAS») a normal 
read-write cycle is entered. Fig. 5 shows the timing for the 
self refresh cycle. Self refresh is an extremely effective 
method of providing memory backup by means of a sec­
ondary power supply. As shown in Fig. 3.44, most of the 
required functions are implemented within the chip for the 
RAS-only refresh with a simplified external circuit. This 
results in ·Iow power consumption and a long life for the 
secondary power supply. 

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
entry, guaranteeing the refresh (2ms) time is difficult. 

td (REF-RAS) L 
tw (REFL) 

f-

Alternative 
M5K4164S·15 M5K4164S·20 

Symbol 
Limits Limits Unit 

Min Max Min Max 

tRFD 100 120 ns 

tFBP 8000 co 8000 co ns 

t FBR 295 360 ns 
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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. RE'F driver and controller have to be backed up. 

Fig. 3.45 Typical dynamic RAM system with battery back up 
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Design Example 
The design example shows the increased effectiveness of 
REF (pin 1) refresh when the M 5K4164S is used as the 

memory for a microprocessor. This design example illustrates 
the interface between the M5K4164S and the micropro­

cessor. 
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 technique is not affected by the 
microprocessor status (Le. reset, wait state, DMA, and cpu 
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clock). However, control logic is somewhat complex. While 
the second method makes use of simple control logic, the 
microprocessor must satisfy the refresh operation timing 
conditions. 

Fig. 3.46 through 3.48 show the block diagram, 
schematic diagram, and timing diagram for the asyn­
chronous refresh example. For this example, the refresh 
cycle counter refresh request (R E F R E Q) starts the refresh 
cycle independently of the microprocessor operation. The 
arbiter determines whether the microprocessor (RAMREQ) 
or refresh cycle counter (REFREQ) has access to the RAM, 

AD-A7 ADDRESS MULTIPLEXER 

ADDRESS BUS 

Ie 
ROW 

AD-A7 

'4 .... COLUMN M5K4164SX 8 

DATA BUS <===I 

CPU 
SERIAL OUT 
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MEMORY CYCl 

CPU TIMING 
CLOCK 

CPU READY 
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ROMINH 

DATA 
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ROM 

I 
RAM z 

INHIBIT ~~ 
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Fig.3.46 Block diagram of the design example 
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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. 3.48 Memory and refresh timing (Anshronous) 
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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 Output Data) of the M5L8085AP is used to 
select either the bootstrap ROM or RAM as shown in Fig. 
3.49. 

RAM RAM RAM 
FFFFI6 BOOTSTRAP BOOTSTRAP 

ENABLE 

PROGRAM _~1399_FL~~_ ----------

I ENABLE ENABLE 

ROM § 

----------- ----------

ROM ROM 

ENABLE DISABLE DISABLE ENABLE 

(c) 

7FFF 16 1 
ENABLE 

0000 16 L... ___ -' 
DISABLE 

(b) 
(a) After hard ware RESET 

(SOD = low) 
Transfer Bootstrap program in the Inhibiting ROM by using the boot strap 
ROM to upper RAM area (SOD = low) program in the RAM area. (SOD = high) 

Fig. 3.49 Start-up procedure of the memory overlaped system 

Fig. 3·50 and 3.51 show the schematic diagram and 
timing for the synchronous refresh example. In this exam­
ple a Z80 microprocessor is used with synchronous refresh. 
As shown in Fig. 3.51, after the Z80 fetch instruction, the 
refresh operati on 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) 

CPU 
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Note: (1) To refresh memory properly. remember . 
• reset period • CPU wait state • DMA cycle • CPU clock 

Fig. 3.50 Design example of microprocessor interface (Synchronous) 
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Fig. 3.51 Op code fetch and refresh timing 
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4. STATIC RAM 

4.1 M58725P Technology 
M58725P Features 
The M58725P is a 2K by 8-bit static RAM making use of 
the latest n-channel MOS technology. Beginning with the 
256 bit p-channel RAM, this technology has progressed at a 
rate which has seen the bit capacity quadruple in 3 to 4 
years and the M58725P is the latest stage of development 
of this technology. A high-resistivity polysilicon material is 
used to lower power consumption and a chip select feature 
is used to implement a power cut function as the major 
features of the new device in addition to an overall 

improvement in performance. Fig. 4.1 shows the progress 
that has been made in the field of static RAMs, using the 
product of per bit power consumption and access time as 

an index of performance. From this the significant progress 
that has been made with these devices in recent years be­
comes apparent. 
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co 
a:-l00 
~~ 

71 73 75 77 79 81 

MITSUBISHI LSls 

STATIC RAM 

(MS872SP, MSL2114LP) 

Vee 

~ 
w w w 
Z Z Z 

--' :::::i :::::i :::::i 

I::: l- I::: I-
co ii'i co ii'i 

WORD LINE 
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Fig. 4.2 Memory cell structures 

Power Cutting with the Chip Select Signal 
In order to take full advantage of the inherently low power 
memory cells of the M58725P, a chip select signal (S) is 
used to provide a power cutting function. In the standby 
mode the power consumption to the peripheral circuitry is 
almost completely eliminated, leaving a very small part of 
the consumption of the peripheral circuit and the in­
herently low consumption of the memory cells. As shown 
in Fig. 4.3, when S is made high the power consumption is 
1/10 of the normal level. This feature is particularly 
effective in lowering overall consumption in systems which 
use several RAM devices. 

When the S signal changes levels, the circuit current 
changes rapidly so that decoupling capacitors in the power 
supply line are recommended to prevent noise generation. 

120 

100 I[ 

YEAR 80 
\ 

Fig. 4.1 Performance improvements in MOS RAMs 

Memory Cell Structure 
Fig. 4.2 shows the memory cell structure which consists of 
six elements; four transistors and two resistors. These 
resistors are implemented by means of a high-resistivity 
polysilicon which has enabled a significant reduction of 
power consumption within the memory cell. The holding 
current in a static RAM is basically that current which is 

~ 60 

o 
o 

IUl 

40 

20 

\ 

J - -

t 100ns/div. 

required to cancel the p-n junction leakage current, an Fig. 4.3 Power cutting feature 

extremely small current. However, in previous devices the 
implementation of high resistances has been difficult, 
resulting in unnecessarily large power consumption. The 
M58725P using a two-layer polysilicon process has imple-
mented this resistance by making the resistance of the 
second layer high (approximately 100M.Q), thereby also 
resulting in a reduction in cell area. 
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OE Signal 
The output enable signal DEcontrols the output for use on 
two-way buses to prevent several devices from bus con­
tention. For writing, this signal is made high, thereby 
disabling the output. The output is enabled by setting it 
low as for reading operations. When using the M58725P 

FUNCTIONAL DESCRIPTION 
Read Operations 
Fig. 4.4 shows the timing relationships for read operations. 
The ·section at (a) illustrates the access time from address 
selection. Since the M58725P is a completely asynchronous 
device, reading data at the DQ outputs requires only that 
the address be selected with the DE input low. If the setting 
of DE is late, the access time will depend on the timing of 
the falling edge of the DE signal. If it is sufficiently fast, the 
access time will be determined by the time ta (A). 

(a) READ CYCLE 1 

Ao-A1O 

OE 

DO 
(OUTPUTS) 

S=L 

W=H 

(b) READ CYCLE 2 

DO 
(OUTPUTS) 

Icc 

OE=L 
W=H 

Fig. 4.4 Read cycle timing 

ta (OE) 

ta(A) 

tv (A) 

/ 

ICC2 

MITSUBISHI LSls 

STATIC RAM 

(MS872SP, MSL2114LP) 

with the 8085, 8086 or similar microprocessors, the CPU 
RD signal can be connected to the DE input to effectively 
prevent bus contention. Another method does not rely 
on use of the OE signal. Refer to the section on writing 
operations for details. 

Fig. 4.4 (b) illustrates the access time from the operation 
of chip select. With previously available RAMs without the 
power cutting feature, the chip select access time ta (S) was 
quite a bit faster than the address access time ta (A) in most 
cases. With the M58725P however, these two access times 
are the same careful consideration must be given to timing 
relationships when laying out PC boards. 

to (R) 

to (R) 

ICCl 
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Write Operations 
Fig. 4.5 illustrates the timing relationships for write 
operations. The data at the DO inputs will be written into 
memory upon the rising edge of either W or S but this data 
should be kept stable in the period between tsu (D) and th 
(D). To prevent bus contention before the data to be 
written is applied, the input OE should be set to high. If the 
OE signal is not used, the falling edge of the W signal must 

(a) WRITE CYCLE 1 (IN CONTROL MODE) 

MITSUBISHI LSls 

STATIC RAM 

(MS872SP,MSL2114LP) 

be made simultaneous with or earlier than the falling edge 
of the S signal. This will keep the DO pins in the high­
impedance state and prevent bus contention. For use with 
the.8085, 8086 or similar processors, the S signal can be 
gated with the WR and RD signals to achieve this effect. 
This is required to prevent data from being written into the 
address of the cycle previous to tsu (A) or following twr . 

to(W) 

w 

OE 

DQ 
(INPUTS) 

tsu (A) 

tsu (S) 

tw(W) 

tsu (D) th (D) 

(b) WRITE CYCLE 2 (S CONTROL MODE) 

s 

w 

DQ 
(INPUTS) 

DQ 
(OUTPUTS) 

OE=L 

Fig. 4.5 Write cycle timing 

to (W) 

tsu (S) 

( Note) 

tsu (D) 

tpxz (S) 

Note. If the IN falling edge is made earlier than the falling edge of S, the outputs 
DQ will be held in the high-impedance state. 
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4.2 Static RAM Application 

Mainframe memories tend to be large in bit capacity of 
various word widths. Microprocessor memories, in contrast, 
are typically smaller in size with a fixed word width of 8 or 
16 bits. Static RAM, which do not require special refresh or 

M5L2114L 
When using a static RAM like the M5L2114 which has 
common input/output and no OE (output Enable), the 
problem of bus contention should be considered. Fig. 4.6 
shows the decoding technique for the M5L2114L. 

Controlling the chip select with the READ or WRITE 

MEMORY BLOCK 
DECODER OUTPUT 

g~~~~~R .................................................. ~ ..... -+ ..... q 

MITSUBISHI LSls 

STATIC RAM 

(MS872SP, MSL2114LP) 

timing circuitry, are suitable for microprocessor application 

which demands low cost and ease of use in a 4· or 8·bit 
memory organization. 

command prevents the M5L2114L from driving against the 
transceiver prior to the command. The limitations of this 
method are access time to read or write and a limitation of 
CS to write setup and hold time. The timing diagram is 
shown in Fig. 4.7. 

ADDRESS BUS 
,------, 

DATA BUS 

AO-A9 

R/W 

AO 
-A9 

DIR 

Fig. 4.6 M5L2114 decoding example 

/ 

" 
ADDRESS 

\ 1\ \....~:!.-----) 
RAM 

R/W 

I/O 

DATA 1 G 
BUS 
BUFFER 

DIR 

Fig. 4.7 M5L2114L timing diagram 
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M58725 
The 2K x 8 bit M58725 is more suitable for micro­

processor applications, because the pin configuration of the 

M58725 is similar to that of the M5L2716K EPROM and 
the M58725 has byte memory organization. Fig. 4.8 shows 
an example of the M58725 interfaced to an 8085A 
microprocessor. RAM (M58725) or EPROM (M5L2716K) 
can be selected respectively by eight jumper switches. The 
interchangeability makes the system flexible and is conven­

ient at .the development stage of a microprocessor system 
which needs to use RAM. 

ADDRESS DECODER 

A15 ~ 
LS138 

~ E2 

r~ A13 
C 8085A A12 
B y4 

All 
A l! ALE E3 

101M -<f) I El -WR :r---
READ COMMAND I J ~ RD 

OE CE 

A15 - A8 
ADDRESS BUS 

Al0 
~ 

~ A7 AO 

I 
AD7 Q~AO I D 
ADO LS373 

OE 
Ul 

07 
DATA BUS I 

DO 
Vpp/WR 
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I/O loading 
There is capacitive loading at each memory's I/O pins and 
signal path line of the print current board. If many 
memories are used on a common bus, this loading prevents 
the 'guaranteeing of AC characteristics. For example, the 

M5L2114L has drive capacity of 2.1mA under capacitive 
loading of 100pF to guarantee the specified AC charac­
teristics. A separate bus technique such as shown in Fig. 4.6 
should be used in these cases. 

J 1 1 1 1 L L 

M58725P or M5L2716K 

U2 U3 U4 U5 U6 U7 U8 

No 

U 
"-

VCC)T" 

Address (Hexl 

I I I I I I '~ f!W r!D 1m I:D /l} :m r!+J (~" M5L 
1 : i I I I : : I : : I I: ! i 
I I :: I I : I : I I I : I I I 

2716 SELECT 

1 0000- 07FF 

U 2 0800- lFFF 
WRITE COMMAND 

U3 1000- 17FF 

U4 1800- lFFF 

U5 2000 - 27FF 

U6 2800- 2FFF 

U7 3000~ 37FF 

U8 3800- 3FFF 

Fig.4.8 Mixed EPROM and RAM application 

l,~) t,~) '\~) t,~) t,~) l,~) l,~_ I l,~_ I M58 ' .' W 1 'J W2 ,J W3 'J W4 ,J W5 ' J W6 ,j W7 ,jW8 

JUMPER SWITCH TO SELECT RAM OR EP--!'lOM 
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5. CMOS STATI CRAM 

5.1 M58981 P Technology 
Introduction 
Since the low power consumption of CMOS RAM can be 

utilized to implement a battery backed-up non-volatile 

memory, the demand for these devices is increasing for use 

in equipment such as electronic cash registers and point-of­

sales equipment. The M58981 P was designed as a 4K-bit 
CMOS RAM to fill this demand. It utilizes silicon gate 

CMOS technology to achieve high speed and high density. 

The M58981 P is an asynchronous CMOS RAM configured 

in 1,024-word by 4-bit words. It is pin-compatible with the 

Mitsubishi Electric M5L2114LP n-channel 4K static RAM 

and the Intel 2114. An advanced micro-pattern process has 

enabled the formation of 26,000 devices in an area -of 

20mm2
, packaged in an 18-pin DIL plastic package. 

MITSUBISHI LSls 
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(MS8981P, MSLS101LP.l) 

Vee DATA LINE Ii); 

Memory Cell Fig. 5.1 Memory cell circuit 

The memory cell used in the M58981 P is shown in Fig. 5.1. 
It consists of a CMOS circuit (with n-channel transfer gate) 

of 6 transistors. 
Circuit Configuration and Operation 

Fig. 5.2 shows the block diagram of the M58981P, with the 

timing diagram shown in Fig. 5.3. 
(1) Write Operations 

The address signals Ao "v A9 select the address and when 

the R/W signal goes low, the I/O data at that time is written 
into memory. The write operation is performed during the 

overlap tim~ when CS and R/W are low. When the I/O pin is 
in the output mode, care should be taken to prevent the 
data output from causing bus contention. 

(2) Read Operations 

The address is specified by the Ao "v A9 signals. When the 

R/W signal goes high, the data from the specified address 

appears at the I/O pin. 

(3) CS Signal 

The chip select signal (CS) selects the chip when set to low, 

and removes the chip from the bus when set to high. The 

output is floating enabling wired-OR connection with other 

chips. When the CS signal is high, no current flows in the 

input buffer (refer to block diagram). All word lines 

become low, and all memory cells are "unselected", the 

DC current flowing between Vee and ground falling to a 

very low leakage current level. This is the standby condi­

tion, one of the major features of a CMOS RAM. 
(4) Power Down Operation 
Data hold can be accomplished with Vee to 2V or greater. 

CS is made common with Vee for (2V"v2.2V power down) 
or greater than 2.2V (power down greater than 2.2V) to 

hold memory contents. 

15--56 
• MITSUBISHI 

"ELECTRIC 



Fig. 5.2 Block diagram 
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READ CYCLE 

Ao-A9 

cs 

1/01-- 1/04 
OUTPUT MODE 

WRITE CYCLE 

CS 

R/W 

1/01- 1/ 0 4 
INPUT MODE 

1/01- 1/04 
OUTPUT MODE 

POWER DOWN 

Voe 

CS 

VOO 

VIL 

Fig. 5.3 Timing diagram 
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to (RD) 

ta (AD) 

ta (OS) 

to (WR) 

tsu (OS) 

tsu (AD) tw (WR) 

tsU(DA) th (DA) 

DATA HOLD 

tpxz (WR) 

tsu (PO) 

Voo (PO) 

The center line indicates the floating (high-impedance) state 
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TYPICAL CHARACTERISTICS 
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ADDRESS ACCESS TIME VS 
LOAD CAPACITANCE 

I. 
Vee=4.5V 

Ta=25°C 

-
t-"-' 

100 200 300 400 

LOAD CAPACITANCE CL· (pF) 

LOW-LEVEL OUTPUT CURRENT VS 
LOW-LEVEL OUTPUT VOLTAGE 

25r----r----r----r----r----, 
Vee=4_5V 

LOW-i...EVE L OUTPUT VOLTAGE VOL (V) 

POWER-DOWN SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 

'--' 10- 4 

Vee = 2
1
V o 

Cl. 

() 
() 

- 10- 5 

VI= 2V 

./ V 
/ 

/ 

/ 
25 50 75 100 

AMBIENT TEMPERATURE Ta (OC) 
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STANDBY SUPPLY CURRENT VS 
SUPPLY VOLTAGE 
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SUPPLY VOLTAGE Vee (V) 

Memory Map 

Fig. 5.4 shows the M58981 P memory map. 

16 

ROW DECODER 

/ A6 A7 As A9 

: 
o 

1023 

1024-WORD MEMORY ARRAY 
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( 
~ 
~ 1024-WORD MEMORY ARRAY 

16 ~~~~~Ol+-________ 10_2_3 _____________________________ I_/O __ 3 ______________________________ ----------------1 

~ 0 0 1 0 0 1 1 0 0 1 o 0 1 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 

16 

16 

COLUMN 
DECODER 

A2 
A3 
A4 
As 

1 
1 
0 
1 
1 

1 0 
1 1 
0 0 
1 1 
1 1 

Fig. 5.4 Memory map 

15 -- 60 

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

1023 

1023 

1 
1 0 0 1 1 0 0 11 0 0 1 

1 0 0 0 0 11 1 1 0 
1 1 1 1 1 o 0 0 00 
1 1 1 1 1 0 0 0 0 0 

1 1 1 1 1 1 1 

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

1024-WORD MEMORY ARRAY 

1024-WORD MEMORY ARRAY 

I/O 1 
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5.2 CMOS STATIC RAM APPLICATIONS 

INTRODUCTION 
Mitsubishi M5L 5101L P and M58981 P are static RAMs that 

are fabricated with a CMOS technology. The M5L 5101L P 

is organized as 256 words of 4 bits, and the M58981 P is 

organized as 1024 words of 4 bits. They are fully TIL­

compatible, and use only a single 5V supply voltage Vee. 

The purpose of th is application note is to describe the 

various circuit techniques for battery-supported non­

volatile memory systems. Electrical characteristics for the 

two RAMs can be found on the previous pages. 

BACK-UP POWER (VSAT) 

MITSUBISHI LSls 
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(MS8981P, MSLS101LP.l) 

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. 5.5, and the power 

supply on-off timing of the system are shown in Fig. 5.6. 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 V SAT , as shown in Fig. 5.6. 

SYSTEM POWER (Vee) 
VSAe 

AC POWER ==> REGULATOR 

POWER-FAIL 
DETECT 
CIRCUIT 

POWER­
FAIL 

INTERRUPT 

fig. 5.5 Non-volatile memory system 

AC INPUT 

CD 
Vee 

@ 

RECTIFIED AC 

@ 

COMPo OUT 

@ 

NMI INTERRUPT 

MEMORY PROTECT SIGNAL 

............... ----1~. 

~ / 
------------ VTH ~ 

® ----------~~ 

® 

SYSTEM RESET or MEMORY PROTECT 

(j) 

Fig. 5.6 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 interrupt the processor or merely protect the 

CMOS RAMs. 

SECONDARY SIDE 

MITSUBISHI LSls 

CMOS STATIC RAM 

(MS8981P, MSLS101LP.l) 

Fig. 5.7 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. 

@ TO SYSTEM POWER 

I---~-"::"--?---- Vee 

Fig.5.7 Power-fail-detect circuit 

Power-Switching Circuit 
The power-switching circuit replaces the main source 

Vee by the back-up power source V BAT when Vee drops, 

and replaces the V BA T by the Vee when the Vee voltage 

rises enough to enable normal operation. 
Two types of power-switching circuit are shown in Fig. 

5.8 and Fig. 5.9. The diode-coupled circuit in Fig. 5.8 re­

quires the main DC supply Vcc to be above the required 

VSAc voltage by the amount of drop through the diode 

(about O.6"'O.7V). Fig. 5.9 shows a transistor-coupled cir­

cuit, 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 (COMPARATOR) 
U2 LS123 

I, Period with no AC power. 

t2 Period of power fail operation (interrupt) 

01 

VBAC 

02 

- BACK-UP 
VBAT 1 POWER SUPPLY 

Fig.5.8 Diode-coupled switching circuit 

TRl VBAC 
r---~~-~ r---~---~ 

03 

VCC + 04 

- VBAT 

1 
Fig.5.9 Transistor-coupled switching circuit 
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TYPICAL APPLICATION CIRCUIT 

An Example of M5L5101 LP-1 Application 
An example of a 1 K-byte non-volatile M5L5101 LP-1 mem­
ory system is shown in Fig. 5.10. In this case, the memory­

protect signal is detected from the voltage of power source 

Vee. But it is better to watch the unregulated voltage (see 

Fig. 5.7) to produce the memory-protect signal that pro­

tects RAMs at the time when Vee is dropping or rising as 

shown in Fig. 5.6. The CE2 pin is used for decoding the 

RAM array. When the RAMs are not selected (i.e. CE2 

= low-level), they enter a stand-by mode, and the power 

supply current is extremely low. 
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M5L5101 LP-l x 8 1024-BYTE CMOS STATIC RAM ARRAY 

Vee 
SYSTEM POWER ----.--, 

ADDRESS BUS 

Ao-A7 

(AD: LSB) 

ME MW MEMORY WRITE 

ME M R MEMORY READ 

ADDRESS BUS 

As-A15 
(A15 : MSB) 

(J)a: 
(J)LlJ 
LlJO 
a:o 
Ou 
OLlJ 
«0 

MEMORY­
PROTECT 
CIRCUIT 

DATA BUS 

RAM1 

Vee 

VSAe 

RAM3 RAM4 

00-07 ___ ~L-___ ~~ _________ ~ _______ L-_____ ~~ _____ ~ 

Fig.5.10 Example of M5L5101 LP 
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An Example' of M58981 P 

The M58981 P is a CMOS RAM which is fully pin com­
patible with M5L2114LP is organized as 1024 words of 4 
bits. The M58981 P has two control inputs, CS and R/W. 

The ts can control normal memory operation and stand-by 

operation. When the RAM is in the stand-by mode (i.e. CS 

~2.2V), the power supply current is extremely low. 

Fig. 5.11 shows the memory signal timings at the time 
when AC power turns on and off. An example of 4K-byte 
non-volatile memory system using M58981 P is shown in 
Fig.5.12. 

A9- A O 10 

SYSTEM 
POWER 
(VCC) 

MEMORY 
rr.OTECT 

CS 

VBAC 

MITSUBISHI LSls 

CMOS STATIC RAM 

(MS8981P, MSLS101LP.l) 

Ir_---vCC 

~~ /~ 
'--------J-~------OV 

-Vee 

~------------~------- OV 
-Vcc 

'-------------'1------ VBAC 

------)-------------- ----- OV 
'- ~VCC '--________ --J' ______ VBAC 

- - - - - - - - - - -- - - - -- - - -- - - - -- - -- _. OV 

Fig.5.11 Power on-off timing (M58981P) 

M58981P x 8 4K-8YTE CMOS RAM ARRAY 

MEMW--------~~--_+~----~----------+-~~~--~_+---+----r__r--~--~--r_~ 

CS2 CS4 
MEMR--~------~ 

DATA 
BUS 

CS 

--~_+~~--------+_----~~DBDI~~--~~----~~---------L----------L---------~ 

DO 

'-M-E-M-O-RY-. P-R-OT-E-CT--+-------~DBIN 
CIRCUIT 

Vee 

PROTECT 
SIGNAL ---'\Mr-----+---'-NI,-----L 

Fig.5.12 Example of M58981P 

Other Recommendations 

BUS BUFFER 

M5L 8216PX2 

1. Nickel-cadmium batteries are available for the memory 

back-up power source because of its rechargeable opera­

tion and wide variety of capacities, sizes and styles. For 

details, see related articles. 

2. In order to decrease the DC power-source impedance, 

decoupling capacitors whose leak currents are small 

should be used. It is also necessary to use O.Ol~O.lJlF 
monolithic-type capacitors and 2-5,uF tantalum types 

effectively. 

Vee 
--------1~'"'" 

SYSTEM 
POWER 

POWER· 
SWITCHING 

CIRCUIT 

NI·Cd 
BATTERY 

VBAe 

RC 

Re : CHARGING 
REGISTER 

3. When CMOS gates are used for decoding logic as shown 

in Fig. 5.10 and Fig. 5.12, it shou Id be carefu lIy ascer­

tained that the propagation time of CMOS gates does 

not exceed the access time of memory, and also that" the 

stand-by voltage of the gates does not drop below 3V. 
(It is possible to reduce the propagation time of CMOS gate 

using high-speed CMOS gate version TC40HXXX series.) 
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A9 
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A4 
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A2 
Al 
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8Y 8Y 81 

~v, ~v~ ~vv ~,4 CS5 CS6 CS7 

"I 
SWAP BUFFER 

LS640 

18 B1 Al 2 
17 B2A2 3 

'" I 'CO I ,eo I '" I ,eo I ,OC I "" m 16 B3A3 4 
15 B4A4 5 

1/01 14 14 B5 A5 6 
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Design example of *MUL TI-BUS board 

Design example of CMOS RAM board is shown in Fig. 5.13, 
and the block diagram is shown in Fig. 5.14. 
This board is compatible with the proposed IEEE 796 bus 
standard, called *MU L TI BUS 
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Fig. 5.14 CMOS RAM Board Block Diagram 

* MU L TI BUS is trademark of Intel corp. 
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6. EPROM 

6.1 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 development of devices operable from a single power 
supply greatly improved ease-of-use of the 16K- and 
32K-bit "devices which were to follow. 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. 6.1, 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. 6.2), 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. 6.3 shows the 
programming characteristics (dependency of the threshold 
value on the write pulse width) for 16K- and 32K-bit 
memory transistors. 
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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. 6.1, 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 

SELECJl~~ ---1 
ADD~~~ ---.CJ-

SELECTION ~ 
GATE : 

: I L __ _ 
(a) 2K-BIT 

(b) 8K-BIT 

(0) 16K-BIT AND ABOVE 

Fig. 6.1 Memory transistor construction 

f--

~ 
a: 
a: 
::J 
u 
z 
« 
a: 
o 

I 
I 
I 
I 
I 
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I 
I ___ ...J 

Fig. 6.2 Variation in memory transistor threshold 
voltage (VGO: Read gate voltage, both 
vertical and horizontal scales are arbitrary) 
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The introduction of 8K- and 16K-bit devices and greater 
was accompanied by improvements of control gate struc­
ture. As shown in Fig. 6.1, whereas for the 8K-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 8.2% greater than that for the 8K-bit device. 

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 ultraviolet 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 8K-bit structure. This results in shorter erase times 
for 16K-bit devices and over. Fig. 6.4 illustrates the change 
in threshold value by exposure of ultraviolet energy. 

I 
I-
> 

Vpp=25V 

50 

Fig. 6.3 Dependency of VTH on write pulse width (16K-bit 
and 32K-bit) 

I 
I­
> 

MEASURED WITH GL-10 2cm AWAY 

20 40 60 80 100 120 

TIME (MIN) 

Fig. 6.4 Variation in VTH with erasure time 
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Fig. 6.5 EPROM Block diagram 

DoD1D2 D3D4DSDS D7 

DATA INPLJT/OUTPUT 

EPROM Circuit Configuration and Characteristics 
Circuit Configuration 

Fig. 6.5 shows the block diagram of an ultraviolet light 
erasable EPROM. Currently available devices are configured 
in 8-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 32K-bit EPROM, the Ao '" 
A3 (four lines) address signals are input to the column 
decoder while the A4 '" At t (eight lines) address signals are 
input to the row decoder, the memory being arranged as a 
matrix of 24 (=16) columns by 28 (=256) 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 input/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. 
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As shown in Fig. 6.6, this results in excessive current Table 6.1 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 lithe 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-bit devices it is active low), so that care 
should be taken when generating this pulse. Although it is 
often thought that the higher the programming 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 set­
ting these values to the central specification values. In 
particular, the maximum allowable voltage for program­
ming 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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Fig. 6.6 Fighting for an OR-connected bus 

MEMORY 
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(BITS) 

TYPE 

CHANNEL 
TYPE 

CHIP AREA 

ADDRESS 
ACCESS 

TIME (MAX) 
POWER 

DISSIPATION 
(MAXI 

POWER 
DISSIPATION 

PER BIT 

SUPPLY 
VOLTAGES 

ADDRESS 

OE 

DATA 
OUTPUT 

2K 3K 
(2S6X 8) (1024X 8) 

MSL 1702AS MSL2708K 

p n 

14.2mm2 17.8mm2 

1000 ns 4S0ns 
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Fig. 6.7 Read timing diagram 

(2) Read Operation 

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

MSL2716 K MSL2732K 

n n 

19.3mm2 22.Smm 2 

4S0ns 4S0ns 

S2SmW 787mW 

0.03mW 0.02mW 

+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. 6.7 
shows the read timing for 16K·bit and 32K-bit devices with 
Fig. 6.8 and Fig. 6.9 giving the chip enable access time 
dependency on temperature and load capacitance. 
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(3) Erasure 
Erasure is performed by exposing the chip to ultraviolet 
light. Fig. 6.4 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. 6.10 shows 
the relationship between the ultraviolet radiation time and 
the number of bits erased. Verification of erasure by means 
of a PROM 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 continued 
for a period of five times the time required to erase all cells 
as verified by a PROM programmer. Generally, for 16K· 
and 32K-bit EPROMs, the erasure time for a GL·10 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. 
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Fig. 6.9 2716 Chip select access time load capacitance 
dependency 
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Fig. 6.10 Erasure characteristics example for 2716 and 
2732 

• MITSUBISHI 
..... ELECTRIC 



6.2 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 
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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. 6.11. The address from the 

microprocessor is decoded by the bipolar PROM which 

generates the primary decoded signal CEo Next, read 

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. 6.12 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 Fig. 6.12. 

256X 4 bit FUSED-ROM 

Vee 

04 

A 15 03 
A 14 
A 13 02 
A 12 

All 

13 8085A 
IO/M~ _____ I ___ O ___ /_M __ _ 
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Fig. 6.11 Microprocessor-EPROM interface example 
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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. 6.11 shows now the EPROM 
family may be connected to the very popular M5L8085A 
microprocessor. The high-order microprocessor address 

2764 

2732 2716 
Vpp 

A12 

A7 A7 A7 

A6 A6 A6 

As As As 

A4 A4 A4 

A3 A3 A3 

A2 A2 A2 

Al Al Al 

Ao Ao Ao 

DO Do Do 

0 1 01 01 

O2 02 02 

GNO GNO GNO 

Fig. 6.12 EPROM Family pinouts 

Table 6.2 PROM Address Map 
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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 Wl and W2 are used to define the type of 
EPROM according to the table in Fig. 6.11. The address 

map of the PROM is shown in Table 6.2. 

2764 

2716 2732 
Vee 

PGM 

Vee Vee NC 

As As As 

A9 A9 A9 

Vpp A11 All * 
OE OE!Vpp OE * 
AlO AlO AlO 

CE CE CE 

07 07 07 

06 06 06 

05 Os 05 

04 04 04 

03 03 03 

'~ 
Microprocessor's address 

Decoder address 

2716 mode 

2732 mode 

2764 mode 

Not used 

Note: • Ind Icates a or 1 

15-72 

GNO W2-2 W2-1 
A1S A14 A13 

A7 A6 As A4 A3 A2 

0 0 0 £:,. £:,. £:,. 

0 0 1 £:,. £:,. 0 

0 

1 

1 

0 1 0 £:,. 0 0 

0 1 

1 0 

1 1 

0 1 1 * * * 

t t t t t t 
1 1 1 1 1 1 

/', indicates a or 1 which defines the EPROM's page address 
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Functional description of M5L8041A·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 6.3. 

PRPG Timing and interfacing 

PRPG's operation timing are triggored by the commands 

are shown Table 6.3. There are two operation modes, 2716 

mode and 2732 mode, whose timing are shown in Fig. 6.13 

and Fig. 6.14. 

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 Fi g. 6.15. 

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. 6.3. There are two operation modes (i.e., 

2716 and 2732 mode) whose timing is shown in Fig. 6.13 

and Fig. 6.14 respectively. If the mode set command is not 

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

Fig. 6.15, the mode will not be set and the FAIL LED will 

light. 
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Design example of EPROM/RAM board 

Fig. 6.16 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 6.3 M5L8041A-006P (PRPG) Function Table 

1\1 C0MMANDI I \ STATUS 

Mode set 

DESCRIPTION 

Defines the operation 

mode of PRPG 

Defines the start 
address (SPA) and th8 
end address (EPA) I of programing 

Address set EPROM 

CODE 

MSB LSB Ao 

I ~ 1010 1 0 I 01 0 IF11Foi [2JrEPROM Selection { 

MSB LSB 

11 11 1111 I 0 I 0 10 I 0 I 

J Selection of clock { 
Input 

Ao MSB 

[2J 1st byte 

2nd byte 
After providing Address set command, it is necessary 
to provide following 4 bytes of SPA and EPA 3rd byte 
continually. 4th byte 

o 

o 
o 1 

o 

2716 Mode 

2732 Mode 

3.58 MHz 
4.194303 MHz 
6 MHz 

LSBAO 

(SPA) HIGHER 

~ (SPA) LOWER 

(EPA) HIGHER 

(EPA) LOWER 

MSB LSB Ao 
Checks the I" " " 

[2J I I I programming 11 I a 11 11 I a I a I a I a I 
3 EPROM If It IS erased. 

Blank check 

0 
z Writes the data to the MSB LSB AO After providing this command, PRPG generates « 
:;:; EPROM which are sent 

1 1 10111010101 0 101 CD EPROM programming timing pulse. :;:; from master CPU and 
0 4 

rerifies the written u EPROM write data if they are 
correctly programmed. 

Checks the programmed MSB LSB Ao After providing thiS command, PRPG compares 
EPROM if it is written 

11111011101010101 OJ the programed data with the source data of 
5 

I'""OC'" 
rT)aster CPU. 

Verify 

Executes the 
MSB. LSB Ao 

11111010101010101 QJ 6 commands 3 , 4 , 5 

Automatic 
au.tomatically. 

write 

LED DISPLAY 

PASS 

PASS = ON 
When mode is set correctly. 
(Mode request LED 

turns off.) 

PASS = ON 
If EPROM is erased. 
(i.e. All data are FF I6 ) 

PASS = ON 
When programming 
finishes completely. 

PASS = ON 
When the programed data 

FAIL 

FAIL=ON 
When programmed mode is 
not coincident with 

hardware switch. 

FAIL = ON 
1 SPA>SPB 
2 SPA EPA 

2716280016 ~80016 
2732 ~ 1000 16 .~ 100016 

FAIL = ON 
if EPROM is not erased. 

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

(SPA- EPA) 

FAIL = ON 
I f the programed data are 

are equal to the sourc:e data. not equal to the source data 

I FAIL = ON I PASS = ON 
When there is no error When there are any errors 

In 3 and 5 command. In 3 and 5 command. 

Transfers the EPROM's MS6 LSB Ao MSB .. " LSB AD I PASS 0 ON I FAIL 0 ON 
data where are difined 

11111110101010101 QJ 1st byte "(SeAl HIGHER ~ Whoo do<, ",",f~ f.oifh~" s,,,,, oood"'oo ~ 
SCA and ECA to the 

7 I master CPU. 2nd byte (SCA) LOWE R 0 command 

Copy After providing Copy command, 3rd byte (ECA) HIGHER 0 
it is necessary to provide following 

4th byte (ECA) LO,WER .' 0 
4 bytes of SCA and ECA. 

~I Indicates if write I MSB LSB AO 
::J Q ~ Write data data buffer in the I -1-1 -1-1 -1-1 F I -I 
1/; buffer full PRPG are full or not. o PRPG data buffers: full 

1 PRPG data buffers not full 

NOTES 

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

A bytes commands after 
address set command 
should provide with AO 
input low·level. 

I SCA 0 ",n ,dd,~ of co", 
data 

ECA = start address of copy 
data 

The status is used by 

4 or 6 command. 
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EPROM 

(MSL2716K,MSL2732K,MSL2764K) 

Vpp CONTROL P63 (Vpp=25VI 

P26 

CE I 
P70 I 

I 
I 
I 

OE P71 I 
I 
I 

I~ 50ms ~I I I 
I I 
I I 
I I ,...... _____ ... 1 I 

I: I 
"I I ! 

P10 

i 
I 

DATA I ~ Pn 
I I 

I 

I I I 

~------:~~~--~i~~ 
P4 I 

ADDRESS Ps I X P6 
I 
I I 
I I 

I I I 

I I 
I I~ I 

I! I 
DATA PROGRAM~: : ... DATA VERIF\'I 

I 
IE 
I 

EPROM WRITE COMMAND 

Fig. 6.13 2716 Programming timing 

Vpp/OE P63 

Vpp=OV 

H 

I 
I I 

(Vpp=25VI I I 
I I 

I I I I I I I 
I 
I 

P26 

I 
I I 
I 

IE 50ms ;oIl U I 
I I 
I I 
I I 
I I 
I I 
I I 

I \ n 
I I \ 

i 
DATA 

PlO 
I 

Pn 

I 
I 

: ADDRESS 
P4 
Ps 
P6 I 

I DATA PROGRAM 
I DATA VERIFY 

IE ~I H I 
I 
IE 
I 

Fig. 6.14 2732 Programming timing 

EPROM WRITE COMMAND 
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DC/DC J VPG ;--

CONVERTER VZl '.:¥ r2~Q~.2.., I"\.t----

I -E7 ~7 2.6 - 2.8V I ~ I 1 1-"(,:.1-- UPPER SIDE 2 
TTr t J 20 1.8K ~ I .~ i~ LOWER SIDE 2 

VDD Vee 07 2 ~06 ~ L ___ ...I ~-

~~ P26 r--P?---~ ::t ~r 56 ~?- i 0 -:- Vz 1 2.6 - 2.8 

O.C O.CVZ2'j~ :~~ ~~ r·1 /l 4.7K R ,.,i VZ2 5.5-5.8 
(FROM ADDRESS DECODER) CS r- ~ .~. 0 .~~ lr--.J "'- VZ3 24.3-2' 

~ ~I'" ~~fO~ 
---------------1 AO , 680 O.c. O.C. ---

CHIP SELECT 

ADDRESS AO 

I/O 
WRITE COMMAND I-----------------J"l.l WR '--- OE/Vpp 

'--- Vpp/AII 
1---------------.fl.lRD P2S ..r CS READ COMMAND 

(LSB) DO 0 DO 

------------------~01 1 Dl 

---------------------1D2 2 02 

DATA BUS ----------------103 3 D3 
---------------------104 PI 4 04 

---------------;05 5 D5 

-----------------------1D6 6 D6 
(MSB) D7 7 07 

M5L~g6~~ P63 r- IC SOCKET 

P70 2716/32 

r RESET P71 r-----
l/lF + P20 P20 p. o AO 

P2 I P21 ~ p. 1J.-----------,------------IA 1 
P22 P2 2 ~ p. 21--------------------------1A2 

CPU CLOCK -----------1 XJ>---------1 Xl P 23 P23 li p. 3 A3 
~ ~ PSO A4 

j- X2 PROG PROG Ps I A5 

-e- PS2 A6 

L~e ~3 M 

f 
CS P60 A8 

GND P61 A9 
control port P2• -l"'xr- P62 Al0 Vpp 

art 25V 5V ov EA Pn ~vee Vee GND 

Tl P
27 

P73 ~t-r -;-' I I 
P26 L L H GND OC ... ~ L _tJRELAY 7fT 

P H L Hor 

63 L .(rVee 

tCi\ "PASS" 
~'C/ 

32 
16 

V 

5V 

..11/U "FAIL" 

L... _____________________ JV-;'''~tKJ:;r--'Wv---- "MonF REOlJEST" 
~'UI 390 X 3 

Fig. 6.15 Design example of PRPG. 
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Fig. 6.16 Design example of EPROM/RAM board (2/2) 
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ERROR DETECTING AND CORRECTING 

7. Error Detecting and Correcting 

1. Introduction 
The reliability of semiconductor memory devices is ex­
tremely high, so that for normal operation performance can 
be guaranteed without the use of special correcting circuits. 
However, for applications requiring even greater reliability, 
or in which the large number of ICs used in the system 
causes a reduction of the overal·1 MTBF, some form of data 
error correction is requried. This section will examine errors 
in memory devices and techniques for detecting and 
correcting them. 

2. Error Checking Concept and the. Redundancy Code 
A code which can be used for error checking consists of the 
following code of added bits to the normal data word. 

I I I 
I~: __________ M __ BI_T_S~~~-N-B-I-TS-_-_-_~~:IE:====_K_B_IT_S_--=:j __ ~' 
WH ERE : N = K + M 

Fig. 7.1 . Error check code format 

The first M bits represent data, and will be referred to as 
the data word. The remaining K bits are not directly related 

to data, and are called redundancy bits or the redundancy 
word. The combination of these two portions form a N bits 
total word. Such a combination of a data word and a 
redundancy word is known as a redundancy code. 

As an example, let us take the case of M=2 and K=1. As 
shown in Table 7.1, there are four possible combinations of 
data word. 

Table 7.1 Redundancy Code Example 

DW RW 

D, Do Ro 

0 0 0 

0 1 1 

1 0 1 
DW : data word 

1 1 0 RW : redandancy word 

To this data word is added a redundancy word as shown in 
Table 7.1, the redundancy bit Ro being given by the 
following expression. 

Ro = Do E9 D2 ........................ (1) 
where E9 is the exclusive-OR operator 

Table 7.2 Valid Word and Error Word Combinations 

Valid word Error words 

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

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

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

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

Table 7.3 Decimal Notation Valid and Error Words 

Valid word 

0 1 

,3 2 

5 4 

6 7 

Error words 

2 

1 

7 

4 

4 

7 

1 

2 

A valid word 
is one with 
no errors. 

From Table 7.2 and Table 7.3 we see the following 
(1) The set of valid words contains no error words. 
(2) Any valid word differs from other valid words by not 

less than two bits. 
Basically the above two statements are the same. 

Specifically, valid words differ from each other in not less 
than two bits so that single bit errors are not found in valid 
data. In th is manner error check is to detect a (h-1) bit 
error by making valid words differ from each other by h 
bits to select proper redundancy words. (Seleting thus the 
set of valid words which does not include error words 
differing not less than (h-1) bits, so we can distinguish these 
error words from valid words.) The value h for such an 
error check code is known as the Hamming distance. When 
this relationship is expressed in set theory notation we have 
the representation of Fig. 7.2. 

S 

R 

o : Total word set 
W : Valid word set 
R : Error word set 

S = (000,001,010,011,100,101, 
110,111 ) 

W = (000,011,101,110) 
R = (001,010,100,111) 

Fig.7.2 Parity codes classification 

Next let us examine the error word. For the error words 
sbown in Table 7.3, the difference from the valid word is in 
order across the row the first bit, the second bit, and finally 
third bit. While the same word exists for the error words of 
any particular row, it is impossible to know which row a 

l'Jext, let us consider the case for which one of the bits is 
particular error word belongs to or phrased differently, 

different, that is, the case of a single bit error. Since the 
although the fact that the word is an error word is 

word has three bits, for each word there are three possible 
determinable, which bit is in error must be known or else 

error words making a total of 12 possible error words. This 
is summarized in Table 7.2. the code cannot be used to correct the error. This type of 

error check is known as error detection. II!!III 
________ YiII 

• MITSUBISHI 
.... ELECTRIC 15-79 



MITSUBISHI LSls 

ERROR DETECTING AND CORRECTING 

As the next example, let us take the case where M=1 and 
K=2. For this example the data words are shown in Table 
7.4 and it can be seen that there are only two types of data 
words with the redundancy word determined by equation 
(2). 

Table 7.4 Error Correcting Code Example 

DW RW 

Do KI Ko 

0 0 0 

1 1 1 

Ko = Kl = Do ........................... (2) 

If as in the previous example, we consider a single bit error 
word, we can derive Table 7.5 and Table 7.6 as shown 
below. 

Table 7.5 Single Bit Error Word Combinations 

Valid word 

000 

1 1 1 

o 0 

1 1 

Error words 

o 0 

1 1 

Table 7.6 Decimal Notation Single Bit Error Words 

Valid word Error words 

0 1 

I 
2 

I 
4 

7 6 5 3 

As can be seen from the table, this time there is no 
ambiguity in the error words. Therefore, the valid word can 
be obtained merely by looking at the error word. For 
example, if the word were 001, 010, or 100, the valid data 
would be clearly 000. However, if the error word were 110, 
101, or 011, the original valid word would have been 111. 
Approaching this differently, let us assume that the word is 
001 or 110. Since the error word has the Ko bit different, 
reversing the differing bit turns 001 into 000 and 110 into 
111 which are the valid data words. The same procedure 
applies to the other error words which are possible. 

In this manner, a redundancy word is used to eliminate 
ambiguities in the error word and enable the derivation of 
the valid word by examining the error word. This procedure 
is known as error correction. Expressed in terms of set 
theory symbols we have the relationships shown in Fig. 7.3 

: total word set 
W : valid word set 
R I : bit 1 .error word set 
R2 : bit 2 error word set 
R3 : bit 3 error word set 
W = (000, 111) 
RI = (001,110) 
R2 = (010, 101) 
R3 =(100,011) 

Fig.7.3 Error correction code relationships 

An actual circuit implementation of such an error correc­
tion code would involve determining whether the word 
belonged to W, Rl, R2, or R3. If the word was found to 
belong to the R set, the error correction procedure involves 
simply inverting the bit corresponding to the error word 
set. 

3, Parity 
As discussed in the previous section, some error check 
techniques involve error words which have duplication and 
can only be used to detect errors. One particular type of 
error detection scheme used to detect single bit errors is 
called parity. The parity error detection method uses a 
redundancy word one bit long (Ro) regardless of the length 
of the data word. Ro is derived in the following manner. 

Ro Do Ell D1 Ell D2 Ell .... Ell Dm - 1 ............. (3) 

or 

Ro = Do Ell 0 1 Ell O2 Ell •••• Ell Dm - 1 ............. (4) 

The single bit derived in equation (3) represents the number 
of 1's in the total word is even and is termed even parity 
while equation (4) is referred to as odd parity. 

Fig. 7.4 shows the example of an 8-bit data word, using 
an M74LS280P (SN74LS280) as the parity generator. The 
M74LS280P has ~E and ~o as parity outputs and inputs 
A through I. The input to output relationship being defined 
by the following expressions. 

15-80 
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MULTIPLEXED ADDRESS A6 
A6 

~ A5 
RAS CAS R/W ~ A4 

~ A3 

~ A2 

~ Al 

~ AD 
RAS 

RAS 
CAS 

CAS 
R/W 

R/W 

- 0 0 - 0 0 0 0 
0 

0 - 0 _ 0 
0 0 

o 0 0 0 o 0 0 o 0 0 o 0 o 0 0 

0 0 0 U U U U 0 0 

Do - 0, ~ a a 0 0 0 0 0 0-
R/W 0 

a: 

~ ~ Note. Timing for CAS and R/W is as follows. 
~A 

min 

CAS ~B 
\ ~C 

~D R/W I I , I I 

~E I I 
I I 

Ro Os 
I i tOns min I I Dns 

I~ 
F ,I I-

~G 
~H ~ 

~ '\ Q 
PARITY ERROR 

R/W I Zo J 
L...--

CAS t>------n R/W --ERROR RESET 

Fig. 7.4 Parity circuit example 

LE = A Ell B Ell C Ell DEllE Ell F Ell G Ell H Ell I 

..... (5) 

La = A Ell B Ell C Ell DEllE Ell F Ell G Ell H Ell I 

..•.. (6) 

LS280 

For write operations, since G 1 makes the I input 0, the 
parity bit ROR is written into memory with a value given by 

the following expression. 

Row = Low = Dow Ell D,w Ell ·········EIl D,w ..... (7) 

where Dow '" D7W is the write data 

Next, for read operations, all of the read data (including 

parity) is input to the M74LS280P. Therefore the output is 

given by the following expression. 

. .... (8) 

If no errors are present in Dor"'D7 R, then they become 
equal to Dow"'D7W and Row, equation (8) replacing (7) . 

LOR = ROR + ROR = 0 ..... (9) 

rt 
The JK flip-flop does not change states at the rising edge 

of CAS. If, however, there is any single bit error in 

DOR"'D7R or ROR , the following . expression is derived 
from equation (7) . 

ROR = DOR Ell D'R Ell ......... Ell D7R ..... (10) 

When this is substituted for equation (8), we have the 
following. 

Lo R = R 0 R + R 0 R = 1 ..... (11) 

Upon the rising edge of CAS, the JK flip-flop output goes 

to 1 indicating the presence of an error. 

• MITSUBISHI 
.... ELECTRIC 15-81 



MITSUBISHI LSls 

ERRO~. DETECTING AND CORRECTING 

4. Single-Bit Error Correction Table 7.7 Allowable M values 
The detection and reversal (correction) of a single bit error is 
referred to as single-bit error correction (SEC). For SEC to 
be possible the Hamming distance for the total word "!lust 
be a minimum of 3-bits and the following equation must be 
satisfied. Examples of allowable values of M are given in 
Table 7.7. . 

2K -:.1 ~ N 

where N = M + K ..... -(12) 

SEC is an extension of t~e parity concept. For instance, 
let us take the case of M = 16. From the Table we see that 
K = 5 from which. N = 16 + 5 = 21. In single-bit error 
correction, each bit of the redundancy word is given.a 

Bit number 21 20 19 18 17 16 15 14 

Data word 015 014 013 012 011 010 09 

Redandancy word R4 

RO X X X X 

R1 X X X X 
Weight of 

R2 X X X X 
redundancy bit 

R3 X X 

R4 X X X X X X 

Fig.7.5 SEC Weighting 

Whereas for parity the Ro has the weight for all bits, 
SEC, as shown in Fig. 7.5, assigns weights (2 bits) Ro ....... R4 

in a binary coded fashion. Specifically the weights are given 
in equations (13) through (17) below. 

Ro = Do E9 Dl E9 D3 E9 D4~ D6· E9 D8 E9 DlO E9 Dl1 
E9 D13 E9 D13 ffi DIs " ..... (13) 

Rl = Do E9 D2 E9 D3 E9 Ds E9 D6 E9 D9 E9 DlO E9 D12 
E9D13 ..... (14) 

R2 = D1 E9 D2 E9 D3 E9 D7 E9 D8 E9 D9 E9 DlO E9 D14 
E9D1S ..... (15) 

R3 = D4 E9 Ds E9 D6 (B D7 E9 D8 E9 D9 E9 DlO ..... (16) 

..... (17) 

In this manner the redundancy bits Ro through R4 are 
generated and written into memory along with the data bits 
Do to DIs. For read operations, ~ORO"""'~OR4 are ex­
amined as was explained for parity checking. Should there 

be no errors, ~ORO = ~OR1 = ~OR2 = ~OR3 = ~OR4 = O. 
Let us assume that a single-bit error occurs, for instance at 
the 11th bit (Dw6 ). Ro, R1, and R3 are used as check bits 
for the 11th bit so that from equation (13) through (17) we 

have ~ORO = ~OR1 = ~OR3 = 1 and ~OR2 = ~OR4 = O. 

~ORO LOR1 ~OR2 ~OR3 ~OR4 
~ decimal 11 

o o 

K ~ M ~ 

4 4-11 

5 12-26 

6 27-57 

7 58-120 

8 121-245 

check bit weight, from which the location of the error bit 
can be determined. To implement this scheme a 21-bit total 

word is generated. 

13 12 11 10 9 8 7 6 5 4 3 2 1 

Os 

X 

X 

X 

07 06 05 04 03 D2 01 Do 

R3 R2 R1 Ro 

X X X X X X 

X X X X X X 

X X X X X 

X X X X X 

This indicates the presence of an error at the 11th bit. 
Therefore, the error can be corrected by merely reversing 
this bit (to 1 if it were 0 and 0 if it were 1) to obtain 
correct data. In a similar manner, if an error occurs at other 
bits the position will be indicated in binary code by 
~ORO""~OR4' allowing reversal of the bit after decoding of 
the position. These ~ORO through ~OR4 are known as the 
syndromes. 

While we have examined single-bit error correction, for a 
variety of reasons actual systems make use of double error 
detection and single-bit error correction. 

15-82 
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5. Single· Bit Error Correction/Double-Bit Error Detection 
The correction of 1-bit errors and detection of 2-bit errors 
is known as single-bit error correction/double-bit error 
detection (SEC-DED). To implement such a SEC-DED 
scheme, the total word Hamming distance must be at least 
4-bits and the following equation must be satisfied. 
Table 7.8 gives examples of K and M values. 

2K - 1 - 1 ~ N 
where N = M + K ..... (18) 

In SEC, weights are assigned so that the syndrome bits 
Ro"'R K - 1 are expressed in binary code to indicate directly 
the position of the error bit. In SEC-DEDh'owever, for a 

Bit number 22 21 20 19 18 17 16 15 

Data word 015 014 013 012 011 010 09 08 

Redundancy word 

Ro X X X X 

R1 X X X X 

Weight of R2 X X X X X 

redundancy hit R3 X X X X X 

R4 X X X X X X 

Rs 

Fig. 7.6 SEC-OED Weighting 

Ro = Do $ O2 $ Os $ D7 $ D9 $ 010 $ 0 11 $ DIS ... (19) 

Rl = Do $,. Dl $ 0 4 $ 0 6 $ D8 $ D9 $ D13 $ D14 ... (20) 

R2 = Dl Ell D2 Ell 03'~ 0 8 $ 010 .~ D12 $ D14 $ 0 15 0>.(21) 

R3 = D3 '$ 0 4 $ Os $ 0 11 $ D12 '$ D13 $ 0 14 $ D1S .. (?2/ 
R4 = 0 6 $ 0 7 $ 0 8 $ D9 $ 010 $ 0 11 $ 0 12 $ D13 ... (23) 

Rs = Do $ Dl E9 O2 $ 0 3 $ 0 4 $ Ds $ 0 6 $ D7 ... (24) 

From equations (19) through (24) we have the following 
expression. 

Co = Ro $ Rl $ R2 $ R3 $ R4 $ Rs 

= 0 0 $ Dl $ D2 $ D3 $ 0 4 $ Ds $ D6 $ D7 $ 0 8 
$ D9 $ DIO $ 0 11 E9 0 12 $ D13 $ D14 $ DIS ...... (25) 

The righthand side of equation (25) is the same as the 
righthand side of the parity expression. Therefore, for read 
operations, examination of CDR is given by the following. 

CDR =1:0RO E91:0R1 $1:0R2 $1:0R3 $1:0R4 $1:0R5 

Examination of this value indicates whether or not a 2-bit 
error is present (the parity can only indicate whether the 
number of error bits is odd or even. Therefore it is 
ineffective for more than 2-bits of error. I n contrast to this, 
the SEC-OED scheme provides a no error/l-bit error 
syndrome detection capability which detects an even 
number of error bits as a 2-bit error). 

14 

01 

X 

X 

X 

X 

Table 7.8 Allowable M values 

K ~ M ~ 

4 1-3 

5 4-10 

6 11- 25 

7 26- 56 

8 57-119 

number of reasons, the weighting is assigned as shown in 
Fig. 7.6 For this reason, decoding of the syndrome is 
required for error position determination.' 

13 12 11 10 9 8' 7 6 .5 4 3 2 1 

06 05 D4 03 02 01 DO 

Ro R1 R2 R3 R4 Rs 

X X X X 

X X X X X 

X X X X 

X X X X 

X X 

X X X X X X X X 

• MITSUBISHI 
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Table 7.9 Summary of error types 

LOR5 L04 L03 LOR2 LORI LORD CDR 

1 0 0 0 0 0 0 No error 

0 1 0 0 0 0 1 RR5 error 

0 0 0 0 0 0 1 RR4 error 

0 0 1 0 0 0 1 RR3 error 

0 0 0 1 0 0 1 RR2 error 

0 0 0 0 1 0 1 RRI error 

0 0 0 0 0 1 1 RRO error 

1 0 0 0 1 1 1 DRO error 

1 0 0 1 1 0 1 DRI error 

1 0 0 1 0 1 1 DR2 error 

1 0 1 1 0 0 1 DR3 error 

1 0 1 0 1 0 1 DR4 error 

1 0 1 0 0 1 1 DRS error 

1 1 0 0 1 0 1 DR6 error 

1 1 0 0 0 1 1 DR7 error 

0 1 0 1 1 0 1 DRS error 

0 1 0 0 1 1 1 DR9 error 

0 1 0 1 0 1 1 DR 10 error 

0 1 1 0 0 1 1 DRll error 

0 1 1 1 0 0 1 DR12 error 

0 1 1 0 1 0 1 DR 13 error 

0 0 1 1 1 0 1 DR 14 error 

0 0 1 1 0 1 1 DRIS error 

Varies depending upon the error bit (all zeroes cannot occur) 0 2 bits error 

Table 7.9 shows a summary of read error detection for 
various types of errors. 

Remark 

Table 7.9 applies to errors of 2 bits or less. 
Fig. 7.7 is the circuit implementation for the expressions 

of equation (19) through (25). In actual systems, the 
detection of an error results in data being latched and 
corrected, whereupon it is rewritten into memory and the 

control circuits for these operations would be required as 
well. 

Table 7.10 1;ORO '" LOR5 Decoding 

LORS LOR4 LOR3 LOR2 LORI 

1 0 0 0 1 

1 0 0 1 1 

·1 0 0 1 0 

1 0 1 1 0 

1 0 1 0 1 

1 0 1 0 0 

1 1 0 0 1 

1 1 0 0 0 

0 1 0 1 1 

0 1 0 0 1 

0 1 0 1 0 

0 1 1 0 0 

0 1 1 1 0 

0 1 1 0 1 

0 0 1 1 1 

0 0 1 1 0 

15-84 

LORD 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

L OR3-L ORS 
Octal 

4 

4 

4 

5 

5 

5 

6 

6 

2 

2 

2 

3 

3 

3 

1 

1 

The decoding of LORO through LOR5 by the SN74S138 
and SN74S02 is shown in the following Table 7.10. 

L ORO-L OR2 Data word 
Octal 

3 Do 

6 Dl 

5 D2 

4 D3 

2 D4 

1 Ds 

2 D6 

1 D7 

6 D8 

3 D9 

5 DlO 

1 Dll 

4 D12 

2 D13 

6 D14 

5 DIS 
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00 
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Do - DIs to CPU 

3xS280 
Do 
D2 
Ds 
D, 
D9 
DIO 
Dl1 
DIs 

Ro 

Do 
DI 
D4 
D6 
D8 
D9 
D13 
DI4 

RI 

DI 
D2 
D3 
D8 

D' Dlo 

F 
G 
H Zo 

R/W 

Data latch 

Data read enable 

Fig. 7.7 SEC-OED circuit example 

II 

D3 S86x4 

D. 
Ds 
Dl1 
DI2 
DI3 

C 
D. 
E ZE 

ZE S08 

to memory 
Do - D.c. Rn - R 

Do 
DI 
D2 
D3 
D. 
Ds 

D8 
Dg 

Dlo 
Dl1 
DI2 
DI3 
DI4 
DIs 

1 bit error 

2 bit error 

No error 

,., 
:::a 
:::a 
o 
:::a 
~ ,., 
-t ,., 
!l -z 
G) 

~ 
Z 
~ 
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MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM LIBRARY 

DESCRIPTION 
Examples·of subroutines for the MELPS 4 single-chip 4-bit 

microcomputer are described below. The subroutine calling 

sequence is also explained. 

Subroutine Mnemonic 
Program 

list reference 

• A-D conversion by 
ADC1 Fig. 4 

successive approximation. 

• A-D conversion by 
ADC2 Fig. 5 

sequential comparisons. 

• Clear file. CF,CFM Fig. 11 

• Right-shift file. RSF Fig. 11 

• Left-shift file. LSF Fig. 11 

• Transfer of file. TF Fig. 12 

• Exchange of file. EXF Fig. 13 

• Increment memory. INM Fig. 13 

• Decrement memory. OEM Fig. 13 

• Skip non-zero memory. SNM Fig. 13 

• Skip non-zero file. SNFMASNFMI Fig. 16 

• BCD addition of files. ADF Fig. 17 

• BCD subtraction of file. SBF Fig. 17 

• Sign change of file. SCF Fig. 17 

1 . Effective Subroutine Program Procedures 
These procedures are eff.ective in reducing memory size of 

the program and increasing program execution' speed. 

Convenient instructions that are used in subroutines are 

discussed. 

1.1 Subroutine call instructions 

The following four instructions can be used as subroutine 

call instructions: 

BM, BMA, BML, BMLA 

The BM and BMA instructions are one-word instructions 

that can call all the subroutine stored in page 14. These 

instructions are designed to designate page 14 automatical­

ly by hardware action. If the entrance of a subroutine is 

programmed on page 14, the subroutine can be called by 

these one-word instructions, which reduces programming 

memory requirements. 

When the 8M, BMA B or BA instruction is executed on 

page 14 (in other words, when any of these instructions are 

used on page 14) the BM and BMA instructions will operate 

as a branch on page 14 and the Band BA instructions will 

operate as a branch on page 15. When any of the RT, RTS, 

BL, BLA, BML and BMLA instructions is executed, this 

special function is cancelled and BM, BMA, Band BA no 

longer have a special function. That is, the BM and BMA 

instructions operate as subroutine call instructions on page 

14 and the Band BA instructions as on-page branch in­

structions. Details of these functions are explained in Fig. 1. 

In case the whole subroutine cannot be stored on page 

14, only the entrance to the subroutine should be stored on 

'page 14. The balance of the subroutine programs should be 

SUBROUTINES 

stored on another page and branched to. Page 14 can be 

used without any problems for programs other than sub­

routines. 

Fig. 1 Subroutine call instructions 

BRANCH 
INSTRUCTION 

PAGE ~BA ON·PAGE O' BRANCH 

PAGE BL. BLA ~~ci~IDE. 
1 ( BRANCH 

I I 

i I 

SUBROUTINE CALL 
INSTRUCTION 

r- BM. SMA 

( BML. BMLA 

I I 
I I 
I I 

I I 

SUBROUTINE 

CALLS A SUB· 
ROUTINE STORED 
ON PAGE 14 

CALLS A SUB· 
ROUTINE STORED 
OUTSIDE THE PAGE 

PAGE ai BM. BMA I ~r;:.:c'll 
14 B. BL BRANCHES ~~~L~N'E ~~~·RED 

PAGE 15 OUTSIDE 

~ I 

TO, ·BML. BMLA 

PAGE THE PAGE 
15 

Note 1 The Band BA instruction will branch on page 15. 
and the BM and BMA instruction will branch on 
page 14 if executed without executing an Rl RTS. 
BL. BLA. BML or BMLA instruction after the 
execution of a BM or BMA Instruction. 

1.2 Consecutively described skip instructions 

If either arithmetic LA or RAM addressing LAX instruc­

tions appear in sequence, only the first instruction will be 

executed and the successive same instructions are skipped. 

I t is useful for clearing files as shown in Fig. 7. 

1.3 In-RAM file designation changing instructions 

The following four instructions: 

TAM (where, j = 0-3) 

XAM (where, j = 0-3) 

X A MD j (where, j = 0-3) 

X A MI j (where, j = 0-3), 

automatically change the contents of the X register depend­

ing on the contents of the Z register. File designation is 

made by the immediate modifier j (j = 0-3). Its designat­

ing rules are shown in Table 1. These instructions are very 

useful for shifting and transferring data within files. 

Table 1 In-RAM file designation changing rules using the 
TAM, SAM, SAMD and SAMI instructions. 

~ (Z)=o (Z)=1 Z register 
Vatue of J 

0 No change No change 

FO~F1 F4~F5 
1 

F2~F3 F6~F7 

FO~F2 F4~F6 
2 

F1~F3 F5~F7 

3 
FO~F3 F4~F7 

Fl~F2 F5~F6 
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2. A-O Conversion Programs 
A-D conversion is performed by comparing the input 

voltage of the analog input port K with Vref, which is 

generated by the D-A converter, and checking the contents 

of the H-L register until they at are the same level. Register 

Y designates the port K input. For example, the input Ky is 

selected when the contents of the Y register are y. 

There are two methods, successive approximation and 

sequential comparison, for A-D conversion. Either is 

selected by means of the program. 

2.1 Successive approximation method 

Program Operation 

In this method, the input voltage in the analog input 

port K(Yl is converted to an 8-bit digital value using the 

successive approximation technique, and the result is stored 

in the H-L register. 

Its program flow is shown in Fig. 2. The H-L register is 

first cleared, and then the C register is set to designate the 

most significant bit (MSB) of the H-L register. When the 

instruction CPA is executed after ''1'' has been set in the 

MSB, the input voltage in the analog input port K(y) is 

compared with the D-A conversion output V ref. 

When 

I V ref I > I V K'r-Yl.1 

is met during the execution of the next instruction (during 

the execution of the NOP instruction), J(Yl is set to "1". 
Otherwise it will be reset to "0" 

If 

IVref I > IVKIY) i Le.J(y) = 1 

the MSB of the H-L register is reset to "0:'. 

If 

IVrefl< IVKIY) I Le.J(y) =0 

the MSB will remain as "1 ". Then (C) is decremented 

by 1, and the above procedure is repeated eight times until 

reaching the least significant bit (LSB). 

When using ports other than those used for analog quantity 

measurements such as when using port K as a key input 

port and applying a low level from DREF, program state­

ments '21 and 22 shown in Fig. 4 must be changed as shown 

below. The original program functions are retained. 

CPA CPAS 
NOP NOP 

CPAE 
This successive approximation method has a constant 

conversion speed-approximately 0.6ms at 600kHz-and 

thus it is suitable for examining analog value with large 

variations and detecting different analog values from 

multiple channels. 

Subroutine Call 

The subroutine is called after designating the terminal of 

the analog input port K and the bit position of the J 

register with the Y register. A-D conversion is performed 

MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM LIBRARY 

SUBROUTINES 

Fig. 2 A-O conversion subroutine flow chart for 
the successive approximation method 

IC) IS INITIALIZED TO 7 
THE MOST SIGNIFICANT 

BIT OF THE H-L REGISTER 
IS DESIGNATED BY (C) 

THE BIT OF THE H-L 
REGISTER THAT IS 
DESIGNATED BY IC) 

IS SET TO "1" 

THE BIT OF·THE H-L 
REGISTER.THAT WAS 
DESIGNATED BY IC) 

IS RESET TO "0" 

RETURN 

NO(IVK(Y)I > IVrell) 

YES (IvK(Y)! > I vret!) 
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for the port Ko in the following example. 

LXV 0,0 

8M ADC1 

2.2 Sequential comparison method 

Program Operation 

In this method, the input voltage in the analog input port 

K(y) is converted to an 8-bit digital value using the 

sequential comparison technique, and the result is stored 

in the H-L register. 

Its program flow is shown in Fig. 3. First the appropriate 

contents of the H-L register are D-A converted, and 

the Vref is compared with the input VK(Y). 
If 

I Vref I > I VK(Y) I then (CY) is set to"l" 

and if 

IVref I < IVK(Y) I then (CY) is reset to "0" 

The H-L register is decremented when (CY) is and 

decreases I Vref I by VREF/256. Otherwise, the H-L 

register is incremented, when (CY) i~ 0, and increases 

I Vref I by VREF/256. The comparison will come to an 

end when the magnitudes of I V ref I and I V K (Y) I are ex­

changed. 

The contents of the Hand L registers are stored in the 

A register, and the contents of the A register are either 

incremented or decremented. First, the low-order 4 bits 

(L register) are incremented or decremented, followed by of 

the high-order 4 bits (H register), and then the L register 

again. 

To increment the A register, 1 is added to that register. 

Testing whether the (A) is 15 or not is performed by the A 

instruction and by checking if the carry is 1. To decrement 

the A register, 15 is added to the A register. Testing whether 

(A) is 0 or not is performed by the A instruction and by 

checking if the carry is O. 

It will test (H) = 0, when Vref =-fssVREF is met, and 

will test (H) = 15, when Vref =~VREF is met. 

Subroutine Call 

The subroutine call is executed after designating the 

terminal of the analog input port K and the bit position of 

the J register with the Y register. A-D conversion is per­

formed for the port Ko in the following example. However, 

it will reduce conversion time if the subroutine is called 

after setting an expected value in the Hand L registers, in 

cases where the digital value can be anticipated. 

LXV 0,0 

(H) ~ expected val ue 

(L) ~ expected value 

8M ADC2 

MITSUBISHI MICROCOMPUTERS 
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Fig. 3 A-O conversion subroutine flow chart for 
the sequential comparison method. 
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Fig. 4 ADC1 program list 

2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 00 OBO 
17 01 019 
la 02 059 
19 03 057 
20 04 04.2 
21 05 008 
22 06 000 
23 07 029 
24 08 052 
25 09 009 
26*WO*OA 104 
27 013 044 
28 

Fig. 5 ADC2 program list 

29 
30 
31 
32 OC 008 
33 00 048 
34 OE:. 029 
35 OF 049 
36 10 008 
37 11 018 
38 12 029 
39 *WO* 13 llA 
40 14 02F 
41 15 044 
42 
43 16 OA1 
44 *WO*l7 126 
45 11:3 019 
46*WO*19 110 
47 1A 02F 
48*WO*lB lID 
49 lC 044 
50 10 OAF 
51*WO*lf 118 
52 IF 019 
53 20 058 
54 21 OAF 
55 *WO* 22 124 
56 2.3 OBO 
57 24 059 
58*WO*25 110 
59 26 019 
60 27 051:3 
61 28 OAl 
62 29 OBF 
6.3*WO*2A 124 
64 
65 

MITSUBISHI MICROCOMPUTERS 
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GRG E,O 

* 
* MAX EOU 7 
MIN EQU 12 
J EOU 0 
SIGN ECiU 12 
* 
* U### ##11##11 ( MELPS 4 LIBLA~Y NO.1 ) ##/111######* 

* 
************************************************************ 
*SUBR: ADCl 8-BIT A-D CONVERSION. BY SUCCESSIVE APPROXIMA.* 
************************************************************ 
AD C 1 LAO C LE A R A, (A) : 0 

T LAC LE A R L, (L): 0 
T HAC LE A R H, (H): 0 
LC7 (C)=7 

ADCI0 SHL SET H-L, BIT IS ASSIGNED BY (C) 
CPA COM PARE PORT K 8. VREF 
NOP SET J IF ABS VREF.GT.ABS VK(Y) 
SlJ SKIP IF (J(Y»:O 
RHL RES ET H-L 
DEC (C)=(C)-1,SKIP IF (C)=O 
BM ADCI0 REPEAT 8 TIMES 
RT END OF ADC1 

* 

************************************************************ 
*5UBR: ADC2 8-BIT A-D CONVERSION. BY SEOUENTIAL COMPARISON* 
************************************************************ 
ADC2 CPA GaM PARE PORT K 8. VREF 

RC (CY )=0 
SZJ SKIP IF (J(y»=O 
SC ( CY ) =1 

ADC2l CPA COMPARE PORT K 8. VREF 

* 

ADcn 

ADC23 

ADC24 

ADC25 

ADC26 

* 
* 

XAL (A) EX (L) 
SZJ SKIP IF (J(Y»=O 
BM ADC23 ACTS AS INSTRUCTION g ON PAGE 14 
SZC SKIP IF (CY)=O 
RT RETURN,CONVERSION FINISHED 

A 
BM 
TLA 
BM 
SlC 
BM 
RT 
A 
BM 
TLA 
XAH 
A 
BM 
LA 
THA 
8M 
TLA 
XAH 
A 
LA 
BM 

1 
ADC26 

ADC21 

ADC24 

15 
ADC22 

15 
ADC25 
o 

ADCL1 

1 
15 
ADCL5 

(A)=(A)+1,SKIP IF CARRY=O 
ACTS AS INSTRUCTION 8 ON PAGE 14 
(L> =( A) 

Acrs AS INSTRUCTION ~ ON PAGE 14 
SKIP IF (CY)=O 
ACTS AS INSTRUCTION B ON PAGE 14 
RETURN,CCNVERSION FINISHED 
( A) = ( A ) + 1 5, SKI P IF CARRY = 0, ( A) = ( A )-1 
ACTS AS INSTRUCTION B ON PAGE 14 
(L> =( A) 

(A) EX (H) 

(A)=(A)+15,SKIP IF CARRY=O, (A)=(A)-l 
ACTS AS INSTRUCTION ~ ON PAGE 14 
(A)=O 
(H) =( A) 

ACTS AS INSTRUCTION d ON PAGE 14 
(L> =( A) 

(A) EX (H) 

(A)=(A)+I, SKIP IF CARRY=O 
(A) = 15 
ACTS AS INSTRUCTION ~ ON PAGE 14 
END OF ADC2 
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3. Clear File 
Program Operation 
These are subroutines that are used in clearing files 

FO-F7, which are formed in the RAM area and are 

organized as up to 16 words each. The file organization 

is shown in Fig. 6. These are subroutines, selected 

by the Z register, that clear the addresses O"'MAX (MAX 

= 0"'15) or that clear the addresses MIN"'15 (MIN = 

0"'15). After MAX and MIN have been initialized and then 

an LXY instructron that des~gnates the file number is 

branched, only the first LXY instruction will be executed, 

and the successive ones are skipped. 

To use CFM to make a subroutine that clears the 
addresses MIN-MAX designated by the Y register of each 

file, the instruction set SEY max is inserted after the XAMI 

o instruction. 

Subroutine Call 

An example of subroutine call is shown in Fig. 7. The 

constants MAX and MIN first have to be equated by a 

pseudo instruction. A file group is then selected by the Z 

register as shown below: 

When (Z) = "0": FO, F1, F2, F3 

When (Z) = "1": F4, F5, F6, F7 

then the BM instruction calls a subroutine of each file 

unit. 

Fig. 7 How to call the clear-file subroutines 

MAIN 

Fig. 6 Function of clear-file subroutine 

(z)=o (Z)=1 ( 

Fa. F4 

Fl. F5 

F2. F6 

F3. F7 

(y) 
15 14 13 12 11 10 x) 

a 
I 

2 

3 

15 MIN=12 
CLEAR FILE 
(12-151 

9 8 7 6 5 4 

MAX= 7 
CLEAR FILE 

10-7) 

MAX EaU 
MIN E au 

7 
1 2 

............................................... MAX is intialized to 7 during assembly 

............................................... MIN is inillalized to 12 during assembly 

3 

LZ 0 ............................................... File groups FO. Fl. F2 and F3 are selected 

8M CFO ............................................... Clears FO (0-71 

2 

BM 
BM 
BM 
L Z 
BM 
BM 

CF1 
CF2M 
CF3M 
1 
CFO 
CF2M 

............................................... Clears Fl (0-71 

............................................... Clears F2 (12 -151 

............................................... Clears F3 (12 -151 

............................................... The file groups F4. F5. F6. and F7 are selected 

............................................... Clears F4 (0-71 

............................................... Clears F6 (12-151 

SUBROUTINES (ON PAGE 141 

CFO LXV 0, MAX 
C F 1 LXV 1 , MAX 
CF2 LXV 2, MAX 
CF3 LXV 3, MAX 

SUBROUTINE COMMON PROCESSING 

RT 
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4. Right-Shift File 
Program Operation 

This is a subroutine that is used to right-shift the files 

FD-F7, as shown in Fig. 8. The contents of address a 

"'MAX (MAX = 0"'15) in a file designated by the Y register 

are shifted right one digit. The most significant digit (MSD) 

is filled with 0 and the contents of the least significant digit 

(LSD) are stored in the A register. 

Subroutine Call 

The constant MAX has to be equated by using a pseudo 

instruction. Then the appropriate file group is selected by 

the X register before calling the subroutine. An example 

is shown below, in which the digit numbers 0"'7 of the file 

F are shifted right 2 digits 
MAX EQU 7 

LZ 

8M 

8M 
RSF1 

RSF1 

Fig. 8 Example of right-shift file execution 

A REGISTER FILE 

EXE~ITT?~~ 0 
EXEC~~Tg~ 0 :":"1 ": ": ": ":':: ~fM£f.£££~o A 

5. Left-Shift File 
Program Operation 

MAX RIGHT-SHIFT 

This is a subroutine that is used to left-shift the files 

FO"'F7, as shown in Fig. 9. The contents of address MIN 

"'15 (MIN = D-15) in a file designated by the Y register 

are shifted left one digit. The least significant digit (LSD) 

is filled with a and the contents of the most significant digit 

(MSD) are stored 17 the A register. 

A subroutine that is to left-shift MIN -MAX can be 

made by inserting 

SEY max 

following the XAMI a instruction. When MIN = a is 

equated, it performs the same digits as the right-shift file 

subroutine. The instruction SEY, however, may be omitted 

when the skip condition is altered by the optional XAM I 

instruction. 

Subroutine Call 

The constant MIN has to be equated by using a pseudo 

instruction. Then the appropriate file group is selected by 

the Z register before calling the subroutine. An example 

is shown below, in which the digit numbers 12"'15 of the 

file F7 are shifted left one digit. 

MIN EaU 12 

LZ 

8M LSF3 

MITSUBISHI MICROCOMPUTERS 
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Fig. 9 Example of left-shift file execution 

A REGISTER FILE 

15 14 1 12 11 10 9 8 7 6 5 4 3 2 1 

:::~~~~~:j': : : : : : : : : : : : 
15 LEFT-SHIFT 

6. Transfer of File 
Program Operation 

This is a subroutine that is used for transferring the 

contents of the files FO"'F7. The data (MAX + 1 words) 

in the addresses D-MAX (MAX = 0"'15) of the file desig­

nated by the Y register is transferred. 

As already discussed in section 1.3, changing file desig­

nation in the RAM is automatically performed by the 

TAM j and XAMD j instructions. An example is shown in 

Fig. la, in which the contents of the file Fa are transferred 

to the file Fl. Each time the TAM 1 and XAMD 1 instruc­

tions are executed, the designated file changes to FO-+ 

F l-+FO ... and so on. 

Data-transfer subroutines of the address MIN-15 can 

be made by changing MAX to MIN and the XAMD j 

instruction to XAMI j. 

Subroutine Call 

The constant MAX has to be equated by using a pseudo 

instruction. Then the appropriate file group is selected by 

the Z register before calling the subroutine. An example is 

shown below, in which file Fa is transferred to file Fl and 

F5 to F7. Digits transferred in each file are 0"'7. 
MAX EaU 7 

LZ 

8M 

LZ 

8M 

o 
T F 1 0 

T F 3 1 

Fig. 1 0 File transfer example of (Fl) <- (FO) 

TRANSFER 

MAX FILE TRANSFER 0 

Note 2 : The arrows show how the file is changed. 

• MITSUBISHI 
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Fig.11 CF, CFM, RST and LSF program lists 

66 
67 
68 
69 28 
70 2C 
71 2D 
72 2E 
73 2F 
14 30 
75*WO*31 
76 32 
77 
78 
79 
BO 
B1 33 
B2 34 
83 35 
84 36 
B5 37 
B6 38 
B7 *WO*39 
B8 3A 
B9 
90 
91 
92 
93 38 
94 3C 
95 3D 
96 3E 
97 3F 
9B 40 
99*WO*41 

100 42 
101 
102 
103 
104 
105 4.3 
106 44 
107 45 
108 46 
109 47 
110 48 
III *WO*49 
112 4A 
113 

Fig. 12 TF program list 

114 
115 
116 
117 4B 
118 4C 
119 40 
120 4E 
121 4F 
122 50 
123*WO*51 
124 52 
125 
126 53 
127 54 
128 55 
129 56 
130 57 
131 58 
132*110*59 
133 SA 
134 
135 5B 
136 5C 
137 50 
138 5E 
139 SF 
140 60 
14hWO*61 
142 62 
143 

15-92 

*****.***** •• ***.*************.****.***.*.************.*.*** 
.SUBR: CF CLEAR FILE FX(O-MAX)=O • 
.*****.*.** •••••••• **** ••• *.**.**** •• * •• * ••• ******.** •• ***** 

OC7 CFO LXY O,MAX FO(O-MAX)=O OR F4(0-MAX)=0 
007 CF1 LXY l,MAX F1(0-MAX)=O OR F5(0-MAX)=O 
OE7 CF2 LXY 2,MAX F2(0-MAX)=0 OR F6(0-MAX)=0 
OF7 CF3 LXY 3,MAX F3( O-MAX)=O OR F7(0-MAX)=0 
OBO CF01 LA 0 (A)=O 
068 XAMD 0 (M) EX (A), (Y)=(Y)-l,SKIP IF (Y)=O 
12F BM CF01 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF CF 

* 
**************************************************.***.****. 
*SUBR: CFM CLEAR FILE FX(MIN-15)=0 * 
*****.**** •• **********************.*.*.**.******.*.**.****** 

OCC CFOM LXY O,MIN FO(MIN-lS)=O OR F4(MIN-15)=0 
ODC CFIM LXY l,MIN F1(MIN-15)=0 OR F5(MIN-15)=0 
OEC CF2M LXY 2,MIN F2( MIN-1S)=0 OR F6(MIN-15)=0 
OFC CF3M LXY 3,MIN F3(MIN-15)=0 OR F7(MIN-15)=0 
OBO CFOMI LA 0 (A)=O 
06C XAMI 0 (M) EX (A), (Y)=(Y)+l,SKIP IF (Y)=15 
137 8M CFOK1 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF CFM 

* 
***********.************.*************.**.******.*.********** 
*SUBR: RSF RIGHT-SHIFT FILE FX(O-MAX),FX(MAX)=O,(A)=FX(O)* 
******.****.************************.****************.******* 

OC7 RSFO LXY O,MAX FO(O-MAX) R-S, FO(MAX)=O, (A)=FO(O) 
007 RSF1 LXY 1.MAX FHO-MAX) R-S. Fl<MAX)=O, (A)=Fl<O) 
OE7 RSF2 LXY 2,MAX F2(0-MAX) R-S, F2(MAX)=0. (A)=F2(0) 
OF7 RSF3 LXY 3,MAX F3(0-MAX) R-S. F3(MAX)=0, (A)=F3(0) 
OBO LA 0 (A)=O 
068 RSFOI XAMD 0 (M) EX (A). (Y)=(Y)-l, SKIP IF (Yl=O 
140 BM RSF01 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF RSF 

• 
************************************************************* 
*SUBK: LSF LEFT-SHIFT FILE FX(MIN-15).FX(MIN)=O,(A)=FX(15)* 
*********.* •• *****.***********************************.****** 

OCC LSFO LXY O,MIN FO(MIN-15) L-S, FO(MIN)=O, (A)=FO(15) 
ODC LSF1 LXY ltMIN FHMIN-15) L-S. FUMIN)=O, (A)=Fl<15) 
OEC LSF2 LXY 2,MIN F2(MIN-15) L-S, F2(MIN)=O, (A)=F2(15) 
OFC LSF3 LXY 3, MIN F 3( MIN-IS) L-S. F 3( MI N )=0, (A )=F3( 15) 
OBO LA 0 (A)=O 
06C LSFOI XAMI 0 (M) EX (Alt (Y)=(Y)+I, SKIP IF (Yl=15 
148 BM LSF01 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF LSF 

* 

****.****************************************.************** 

OC7 
007 
OE7 
OF7 
065 
069 
14F 
044 

OC7 
007 
OE7 
0F7 
066 
06A 
157 
044 

OC7 
007 
OE7 
OF7 
067 
06B 
15F 
044 

*SUBR: TF TRANSFER OF FILE FX1(0-MAX)=FX2(0-MAX) * 
*************************.********************************** 
TF10 
TF01 
TF32 
TF23 
TF 101 

• TF20 
TF31 
TF02 
TF13 
TF201 

* 
TF30 
TF 21 
TF12 
TF03 
TF301 

LXY O,MAX F1(0-MAX)=FO(0-MAX) 
LXY l,MAX FO(0-MAX)=F1(0-HAX) 
LXY 2,MAX F3(0-MAX)=F2(0-MAX) 
LXY 3,HAX F2(0-MAX)=F3(0-MAX) 
TAM 1 ( A) = ( M ( DP » 
XAMD 1 (A)=(M(DP»,(Y)=(Y)-l,SKIP IF 
8M TF101 ACTS AS INSTRUCTION B ON PAGE 
RT END OF TF 10 

LXY O,HAX F2(O-MAX)=FO(0-MAX) 
LXY l,MAX F3'0-MAX)=F1(0-HAX) 
LXY 2,MAX FO(0-MAX)=F2(0-MAX) 
LXY 3,MAX F1(0-MAX)=F3(0-MAX) 
TAM 2 (A)=(M(DP» 
XAMD 2 (A)=(M(DP»,(Y)=(Y)-l,SKIP IF 
BM TF201 ACTS AS INSTRUCTION 8 ON PAGE 
RT END OF TF 20 

LXY O,MAX F3(0-MAX)=FO(0-MAX) 
LXY l,MAX F 2( O-MAX) =F l( O-MAX) 
LXY 2,MAX F1(0-MAX)=F2(O-MAX) 
LXY 3,MAX FO(O-HAX)=F3(0-HAX) 
TAM 3 ( A) = ( M ( DP ) ) 
XAMD 3 (A)=(M(DP»,(Y)=(Y)-I,SKIP IF 
8M TF301 ACTS AS INSTRUCTION 6 ON PAGE 
RT END OF TF 30 
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7. File Exchange 
Program Operation 
This is a subroutine that is used for exchanging the 

contents of the files FD-'F7. The data (MAX + 1 words) in 

the addresses of O-MAX (MAX = 0-15) of the designated 

files is exchanged. 

Exchanging of in-RAM files is performed by the TAM j 

and XAM j instructions. 

Data-exchange subroutines of the address MIN-15 

(MIN = 0-15) can be made by changing MAX to MIN and 

the XAMD 0 instruction to XAMI O. 

Subroutine Call 

The constant MAX has to be equated by using a pseudo 

instruction. Then the appropriate file group is selected by 

the Z register before calling the subroutine. An example is 

shown below, in which file FO is exchanged with file Fl 

and F4 with F7. Digits exchanged in all files are 0-7. 
MAX EQU 7 

LZ 
8M 

LZ 

o 
EX F 0 1 

8M EXF03 

8. Increment/Decrement Memory 
Program Operation 

This is a subroutine that is used to increment or decre­

ment the contents of a specific word in the RAM. The 

specific addresses that can be incremented or decremented 

are shown below. 

M (z, 0, 0) (FOo or F4o) 

M (z, 1, 11) (Fl 11 or F5 11 ) 

M (z, 2, 13) (F2 13 or F613 ) 

M (z, 3, max) (F3max or F7max ) 

Other addresses can be programmed by changing the 

LXY x, y instruction. 

Subroutine Call 

The appropriate file group is selected by the Z register 

before calling the subroutine. An example is shown below, 

in which M (0, 0, 0) is incremented and M (1, 2, 13) is 

decremented: 
LZ 0 

8M 

LZ 
8M 

I N MO 0 0 

1 

DEM213 

MITSUBISHI MICROCOMPUTERS 
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9. Skip Non-Zero Memory 
Program Operation 

SUBROUTINES 

This is a subroutine that is used in test if the contents 

of specific words in the RAM are O. The specific addresses 

that can be tested are shown below. 

M (z, 0, 0) (FOo or F4o) 

M (z, 1, 11) (F 111 or F51 II 
M (z, 2,13) (F2 13 or F613 ) 

M (z, 3, max) (F3max or F7max ) 

If the contents of the specified address of the RAM 

are 0, the program execution returns to the instruction 

following the one that called the subroutine. If the contents 

are not 0, this instruction is skipped, and the return is to 

the second instruction following the call. 

Other addresses can be tested by changing the LXY x, 

y instruction. 

Subroutine Call 

The appropriate file group is selected by the Z register 

before calling the subroutine. When the contents of the 

RAM are 0, execution returns to the following instruction. 

When the contents of the RAM are not 0, the execution 

returns to the second instruction. 

The following is an example in which the contents of 

M (1, 1, 11) are tested: 

LZ 
8M SNM111 

I NST 1 +- Return if "0" 

INST 2 +- Return if "1" 

10. Skip Non-Zero File 
Program Operation 

This is a subroutine that is used to test if all the words 

of files FO-F7 are O. There are two subroutines applicable: 

one for testing the addresses D-'MAX (MAX' = 0-15) and 

the other for testing the addresses MIN-15 (MIN = 0-15). 

If the contents of the specified file are 0, the program 

execution returns to the instruction following the one 

that called the subroutine. If the contents are not 0, this 

instruction is skipped, and the return is to the second 

instruction following the call. 

I n case of digit MI N-MAX, a program can be made by 

inserting SEY MAX next to the instruction XAMI 0 of the 

subroutine SNFMI. 

Subroutine Call 

The appropriate file group is selected by the Z register 

before calling the subroutine. In case the contents of the 

file are 0, the program execution returns to the instruction 

following the one that called the subroutine. If the contents 

are not 0, the program execution skips this instruction. An 

example is shown below, in which the contents of the file 

FO,-FO, are tested. Ell 
• MITSUBISHI 
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Fig. 13 EXT, IMN, OEM and SNM program lists 

144 
145 
146 
147 63 
148 64 
149 65 
150 66 
151 67 
152*WO*68 
153 69 
154 
155 6A 
156 68 
157 6e 
158 60 
159 6E 
160*WO*6F 
161 70 
162 
163 71 
164 72 
165 73 
166 74 
167 75 
168 *WO*76 
169 77 
170 
171 
1 72 

11 
12 
13 
14 
15 
16 00 
17 01 
18 02 
19 03 
20 04 
21 05 
22 06 
23 07 
24 08 
25 09 
26 OA 
27 OB 
28 OC 
29 00 
30*WO*OE 
31 
32 
33 
34 
35 OF 
36 10 
37 11 
38 12 
39 13 
40 14 
41 15 
42 16 
43 
44 

15-94 

OC7 
OE7 
065 
061 
068 
165 
044 

OC7 
007 
066 
062 
068 
16C 
044 

OC7 
007 
067 
063 
068 
173 
044 

OCO 
ODB 
OED 
OF7 
081 
OOA 
060 
OBO 
044 
OCO 
008 
OED 
OF7 
08F 
105 

OCO 
ODB 
OED 
OF7 
064 
OAF 
045 
044 

************************************************************ 
*SUBR: EXF EXCHANGE OF FILE FX1(0-MAX) EX FX2(0-MAX) * 
************************************************************ 
EXFOI LXY O,MAX FO(O-MAX) EX Fl(O-MAX) 
EXF23 LXY 2,MAX F2(0-MAX) EX F3(0-MAX) 
EXF001 TAM 1 (A)=(M(DP» 

XAM 1 (A) EX (M(DP» 
XAMD 0 (A) EX (M(DP»'(Y)=(Y)-I,SKIP IF (Y)=O 
BM EXF001 ACTS AS INSTRUCTION B ON PAGE 14 
iH END OF EXFOI 

* EXF02 
EXF13 
EXF002 

* EXF03 
EXFIZ 
EXF003 

LXY 
LXY 
TAM 
XAM 
XAMD 
BM 
RT 

LXY 
LXY 
TAM 
XAM 
XAMD 
BM 
RT 

* U###1I1I#1I1111 
END 

*####N#III1## 

O,MAX 
1,MAX 
2 
2 
o 
EXF002 

O,MAX 
1,MAX 
3 
3 
o 
EXF003 

FO(O-MAX) EX F2(0-MAX) 
Fl( O-MAX) EX F3(0-MAX) 
( A ) = ( M ( DP ) ) 
( A ) EX (M ( DP ) ) 
( A) EX (M ( DP ) ) , ( Y ) = ( y ) -1 ,S KIP 
ACTS AS INSTRUCTION B ON PAGE 
END OF EXFOZ 

FO(O-MAX) EX F3(0-MAX) 
F l( O-MAX) EX FZ( O-MAX ) 
( A) = ( M ( DP ) ) 
( A) EX (M ( DP ) ) 
(A) EX (M(DP}"(Y)=(Y)-I,SKIP 
ASTS AS INSTRUCTION B ON PAGE 
END OF EXF03 

MELPS 4 LIBRARY END) #######,"* 

MELPS 4 LIBRARY NO.2) #N"NN'I"* 

IF (Y)=O 
14 

IF (Y)=O 
14 

************************************************************ 
*SUBR: INM INCREMENT MEMORY FX(Y)=FX(Y)+1 * 
*SUBR: OEM DECREMENT MEMORY FX(Y)=FX(Y)-l * 
************************************************************ 
INMOOO LXY 
INM111 LXY 
INM213 LXY 
INM3MA LXY 

LA 
INM AM 

XAM 
LA 
In 

DEMOOO LXY 
OEM 111 LXY 
DEM213 LXY 
DEM3MA LXY 

• 
LA 
8M 

0,0 
1,11 
2,1.3 
3,MAX 
1 

o 
o 

0,0 
1,11 
2tl3 
3,MAX 
15 
INM 

F O( 0) =F 0 ( 0 ) +1 OR F 4 ( 0 ) =F 4 ( 0 ) +1 
Fl(ll} =Fl(ll) +1 OR F5(1l) =FS(11) +1 
F2( 13) =F2(13) +1 OR F6(13) =F6(13) +1 
F3(MAX)=P3(MAX)+1 OR F7(MAX)=F7(MAX)+1 
(A) =1 
( A) = (A) + ( M ( DP ) ) 
( A) EX (M ( DP ) ) 
(A)=O 

FO( 0) =FO(O) 0011 OR F4(0) =F4(0) -1 
F 1 ( 11) =F 1 ( 11) -1 OR F 5 ( 11) =F 5 ( 11) -1 
F2( 13) =F2(l3) -1 OR F6(l3) =F6(l3) -1 
F3( MAX)=F3(MAX)-1 OR F7(MAX)=F7(MAX)-1 
(A)=15 
END OF INM AND OEM 

************************************************************ 
*SUBR: SNM SKIP NON-ZERO MEMORY FX(Y).NE.O? * 
************************************************************ 
SNMOOO LXY 0,0 FO(O) .NE.O? OR F4(0) .NE.O? 
SNM1l1 LXY Itl1 Fl( 11) .NE.O ? OR F5( 11) .NE.O ? 
SNM213 LXY 2,13 F2(113) .NE.O ? OR F6(113) .NE.O ? 
SNM3MA LXY 3,MAX F3(MAX).NE.0? OR F7(MAX).NE.0 ? 

TAM 0 (A)=(M(DP» 
A 15 (A)=(A)+IS,SKIP IF CARRY=O 
RTS RETURN IF FX(Y).NE.O 
RT RETURN IF FX(Y}.EO.O 

* END OF SNM 

* 
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MAX EQU 7 

LZ 

8M 

o 
SNFOMA 

Instruction 1 +- Return if (FOo"'F07 = 0) 

Instruction 2 +- Return if not (FOo "'F07 = 0) 

11 . BCD Addition of Files 
Program Operation 

This is a subroutine that is used to perform addition in 

the BCD mode among the files FD"'F7. It performs BCD 

addition of 16-MIN digits in the addresses MIN"'15 

(MIN = 0"'15). The flowchart is shown in Fig. 14, and an 

example is shown in Fig. 15. 

First, the carry CY has to be cleared. The file FX 1 is 

BCD compensated by adding 6 to its contents. Then the 

contents of the FX2 are added to the contents of the FX1 

and the carry is checked. When the carry is off, 10 is added 

to its contents, which is the same as subtracting 6, and 

there is no need to BCD adjust. The files FX1 and the FX2 

can be alternated by the TAM j and XAM I j instructions. 

When the BCD addition of the most significant digit is com­

pleted, the contents of the carry CY are checked. If (CY) 

= 0, the program execution returns to the main program 

after skipping the instruction following the call. When (CY) 

= 1, indicating an overflow, the program execution will 

return to the instruction following the call. It is possible to 

test for overflow state by testing the CY. In this case, the 

instruction following the instruction SZC is replaced with 

the instruction RT. 

Selection of the files FX1 and the FX2 is made by 

changing x of the LXY x, y instruction and j of the TAM j 

and XAMI j instructions. 

ADF32 2 

2 2 

2 3 

ADF 23 3 

3 2 

3 3 

(FX1) -(FX1) + (FX2) 

(F1)-(F1) + (FO) or (F5)-(F5)+(F4) 

(F2) -(F2) + (FO) or (F6) +-(F6) + (F4) 

(F3)-(F3) + (FO) or (F7)-(F7)+(F4) 

(FO)-(FO)+(F1) or (F4) -(F4) + (F5) 

(F3) -(F3) + (F1) or (F7) - (F7) + (F5) 

(F2) -(F2) + (F1) or (F6)-(F6)+(F5) 

(F3) -(F3) + (F2) or (F7) -(F7) + (F6) 

(FO) -(FO) + (F2) or (F4) -(F4) + (F6) 

(F1) -(F1) + (F2) or (F5) -(F5) + (F6) 

(F2) -(F2) + (F3) or (F6) -(F6) + (F7) 

(F1) -(F1) + (F3) or (F5) -(F5) + (F7) 

(FO) -(FO) + (F3) or (F4) -(F4) + (F7) 

MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM LIBRARY 

SUBROUTINES 

Subroutine Call 

The value j has to be equated by using a pseudo instruction. 

The appropriate file group is selected by the Z register 

before calling the subroutine. The program execution will 

skip the instruction following the subroutine call when the 

result of the BCD addition is correct, and return to this 

instruction when there is an overflow. An example of 

(F0 1S "'F0 12 ) +- (F0 1S "'F012 ) + (F1 1S "'F1 12 ) is shown 

below: 

MIN EQU 

J E Q U 

LZ 

2 

o 
8M ADF01 

Instruction 1 +- Return if overflow 

Instruction 2 +- Return if no overflow 

Fig. 14 BCD file addition subroutine flowchart 

RETURNS TO THE MAIN PROGRAM 
AND SKIPS ONE INSTRUCTION 

Fig. 15 BCD file addition (example of (FO) - (FO)+(F1)) 

15 BCD ADDITION MIN 

NolO 3 , Th, "COW, ,how how th, t;I, ;, ohoe9,d. II 
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12. BCD Subtraction of Files 
Program Operation 

MIN E Q U 12 

J E Q U 2 
This is a subroutine that is used to perform subtraction in 

the BCD mode among the files FO-F7. It performs BCD 

subtraction of 16-MIN digits of the address MIN-15 

(MIN = 0-15). 

LZ 

BM SBF32 

It has the same program procedure as BCD addition, 

performing subtraction by adding the l's complement. 

When the borrow is 1, BCD adjustment is performed by 

adding 10. 

Instruction 1 +- Return if overflow 

Instruction 2 +- Return if no overflow 

13. Sign Change of file 
Program Operation 

File selection of the files FXl and FX2 is made by 

changing x of the LXY x, y instruction and j of the TAM j 

and XAMI j instructions, as in BCD addition. Please refer to 

the procedure given in the section for BCD addition. 

Subroutine Call 

This is a subroutine that is used to invert the sign in the 

sign digit, SIGN (SIGN = 0-15), of the files FO-F7. The 

positive state is indicated when the 8 bit is 0, and the 

negative state when the 8 bit is 1. Thus inversion is attained 
by adding 8 to memory. 

The value j has to be equated by using a pseudo instruction. 

An appropriate file group is selected by the Z register 

before calling the subroutine. The program execution will 

skip the instruction following the subroutine call when the 

result of the BCD subtraction is correct, and return to the 

next instruction when subtraction results in a carry. An 

example of (F7 1S -F7 12 ) +- (F7 1S -F7 12 ) ~ (F5 1S -F5 12 ) 

is shown at right: 

Subroutine Calling Method 
Psuedo instructions are used to fix the code digit. Register 

Z specifies the file group and the subroutine is called. Next, 
the 12th digit of file FQ is inverted as shown. 

SIGN EQU 12 

LZ 0 

BM SCFO 

Fig. 16 SNFMA and SNFMI program lists 

45 
46 
47 
48 17 
49 18 
50 19 
51 1A 
52 1t3 
53 1C 
54 1D 
55 IE 
56*WO*lF 
57 20 
58 
59 
60 
61 
62 
63 21 
64 22 
65 23 
66 24 
67 25 
68 26 
69 27 
70 28 
7l*WO*29 
72 2A 
73 
74 

15-96 

************************************************************ 
*SUBR: SNFMA SKIP NON-ZERO FILE FX(O-MAX).NE.O? * 
************************************************************ 

OC7 SNFOMA LXY O,MAX FO(O-MA~}.NE.O? OR F4(O-MAX).NE.O ? 
007 SNF1MA LXY 1,MAX F1(0-MAX).NE.O? OR F5(O-MAX).NE.0 ? 
OE7 SNF2r'iA LXY 2,MAX F2( O-MAX).NE.O ? OR F6(O-MAX).NE.0 ? 
OF7 SNF3MA LXY 3,MAX F3(O-MAX).NE.O? OR F7(0-MAX).NE.0 ? 
OBO SNF4 LA 0 (A)=O 
026 SEAM SKIP IF (A).EO.(M(DP» 
045 RTS RETURN IF FX(O-MAX).NE.O 
068 XAMD 0 (A)=(M(DP»,(Y)=(Y)-l.SKIP IF (y)=o 
lIB BM SNF4 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT RETURN IF FX(O-MAX).EO.O 

* END OF SNFMA 

* 
************************************************************ 
*SUBR: SNFMI SKIP NON-ZERO FILE FX(MIN-lS).NE.O? * 
************************************************************ 

OCC SN.FOMI LXY O,MIN FO(MIN-1S).NE.0? OR F4(MIN-lS).NE.0? 
OD C SN F 1 MIL X Y 1 , MIN F l( MIN -IS) • N E .0 ? 0 R F 5 ( MIN -1 5 ) • N E .0 ? 
OEC SNF2MI LXY 2,MIN F2( MIN-IS ).NE.O ? OR F6(MIN-1S).NE.0 ? 
oFC SNF3MI LXY 3,MIN F3( MIN-1S).NE.O ? OR F7(MIN-1S).NE.O ? 
OBO SNFS LA 0 (A)=O 
026 SEAM SKIP IF (A).EO.01<DP» 
04S HTS RETURN IF FX(MIN"'15).NE.0 
06C XAMI 0 (A)=(M(DP»,(Y)=(Y)+l.SKIP IF (Y)=15 
12S BM SNFS ACTS AS INSTRUCTION ~ ON PAGE 14 
044 RT RETURN IF FX(MIN-lS).EO.O 

* END OF SNFMI 

* 
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Fig. 17 ADF, SBF and SCF program lists 

75· 
76 
77 
78 23 
79 
80 
81 2C 
82 
83 
84 2D 
85 
86 
87 2E 
88 
89 
90 2F 
91 30 
92 31 
93 32 
94 33 
95 34 
96 35 
97 *WO*36 
98 37 
99 38 

100 39 
101 
102 
103 
104 
105 
106 3A 
107 
108 
109 3B 
110 
III 
112 3C 
113 
114 
115 3D 
116 
117 
118 3E 
119 3F 
120 40 
121 41 
122 42 
123 43 
124*WO*44 
125 45 
126 46 
127 47 
128 
129 
130 
131 
132 48 
133 49 
134 4A 
135 48 
136 4C 
137 4D 
138 4E 
139 4F 
140 
141 
142 

oec 

ODC 

OEC 

OFC 

048 
064 
OA6 
OOF 
OAA 
000 
06C 
130 
02F 
044 
045 

OCC 

ODC 

OEC 

OFC 

049 
064 
08F 
OOF 
OAA 
06C 
13F 
02F 
045 
044 

OCC 
ODC 
OEC 
OFC 
OB8 
OOA 
060 
044 

********************************************************************** 
*SUBR: ADF BCD ADDITION OF FILE FX1CMIN-15)=FX1CMIN-15)+FX2CMIN-15)* 
********************************************************************** 
ADFI0 LXY O,MIN J=l: Fl(MIN-15)=Fl(MIN-15)+FO(MIN-15) 
* J=2: F2(MIN-15)=F2(MIN-15)+FOCMIN-15) 
* J=3: F3(MIN-15)=F3(MIN-lS)+FO(MIN-15) 
ADFOI LXY I,MIN J=l: FO(MIN-15)=FO(MIN-lS)+FICMIN-15) 
* J=2: F3(MIN-15)=F3(MIN-lS)+FlCMIN-15) 
* J=3: F2(MIN-15)=F2(MIN-1S)+Fl(MIN-15) 
ADF32 LXY 2,MIN J=l: F3CMIN-15)=F3CMIN-1S)+F2(MIN-15) 
* J=2: FO(MIN-15)=FO(MIN-lS)+F2(MIN-15) 
* J=3: Fl(MIN-15)=F1(MIN-1S)+F2(MIN-15) 
ADF23 LXY 3,MIN J=I: F2(MIN-15)=F2(MIN-1S)+F3CMIN-15) 
* J=2: FICMIN-15)=Fl(MIN-1S)+F3(MIN-15) 
* J=3: FO(MIN-15)=FOCMIN-1S)+F3(MIN-15) 

RC (CY)=O 
ADF011 TAM J (A)=(M(DP» 

A 6 (A)=(A)+6 
AM CS ( A) = C A ) + C MC DP) ) + ( CY ), (C Y) =CARRY 
A 10 (A)=(A)+10,SKIP IF CAR~Y=O,BCD ADJUST 
NOP CA)=CA)-6 
XAMI J (A) EX (M(DP»,CY)=(Y)+I,SKIP IF (Y)=15 
8M ADFOll ACTS AS INSTRUCTION B ON PAGE 14 
SZC SKIP IF (CY>=O 
RT RETURN IF OVERFLOW 
RTS END OF ADFOI 

* 
***************************************************************** 
*SUBR: SBF BCD SUBTRACTION OF FILE * 
* =FXlCMIN-1S)-FX2(MIN-15) * 
***************************************************************** 
SBFIO LXY O,MIN J=l: FI(MIN-15)=FICMIN-1S)-FO(MIN-15) 
* J=2: F2(MIN-IS)=F2(MIN-1S)-FO(MIN-15) 
* J=3: F3(MIN-15)=F3(MIN-IS)-FO(MIN-15) 
SBF01 LXY I,MIN J=l: FO(MIN-1S)=FO(MIN-lS)-FlCMIN-15) 
* J=2: F3(MIN-15)=F3(MIN-lS)-Fl(MIN-lS) 
* J=3: F2(MIN-15)=F2CMIN-lS)-FICMIN-15) 
SBF32 LXY 2,MIN J=l: F3(MIN-15)=F3(MIN-1S)-F2(MIN-1S) 
* J=2: FOCMIN-15)=FOCMIN-IS)-F2CMIN-15) 
* J=3: F1CMIN-15)=F1CMIN-lS)-F2CMIN-15) 
SBF23 LXY 3,MIN J=l: F2CMIN-15)=F2CMIN-IS)-F3CMIN-15) 
* J=2! F1CMIN-15)=F1CMIN-1S)-F3CMIN-15) 
* J=3: FOCMIN-15)=FOCMIN-IS)-F3CMIN-15) 

SC CCY)=1 
SBFOll TAM J (A)=(M(DP» 

CMA COMPLEMENT CA) 
AMCS (A)=CA)+CM(DP»+CCY),(CY)=CARRY 
A 10 (A)=CA)+10.SKIP IF CARRY=O,BCD ADJUST 
XAMI J (A) EX (M(DP»,(Y)=CY)+I,SKIP IF (Y)=15 
BM SBFOll ACTS AS INSTRUCTION 8 ON PAGE 14 
SZC SKIP IF CCY)=o 
RTS END OF SBFOI 
RT RETURN IF OVERFLOW 

* ************************************************************ 
*SUBR: SCF SIGN CHANGE OF FILE FX(SIGN) EX * 
************************************************************ 
SCFO LXY O,SIGN FO(SIGN) EX 
SCFI LXY I,SIGN F1(SIGN) EX 
SCF2 LXY 2.SIGN F2CSIGN) EX 
SCF3 LXY 3,SIGN F3(SIGN) EX 

LA 8 CA)=8 
AM (A)=(A)+(MCDP» 
XA M 0 ( A) EX (M C DP ) ) 
RT END OF SCFO 

* *#######11#11 
END 

MELPS 4 LIBRARY END #######l1li#* 

--------------------------------------------------------------------------------------II 
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APPLICATION OF MELPS 4 
SINGLE-CHIP 4-BIT MICROCOMPUTER 

DESCRIPTION 
A typical example of an application in which a Mitsubishi 

MELPS 4 single-chip 4-bit microcomputer is used in the 

microwave oven. 
The system is designed to control the magnetron, fan 

and buzzer of the microwave oven by the touch-keyboard 

input, and to display the time and temperature, along with 

the power, on the large fluorescent display tube, as well as 

displaying the MODE on the LEDs (8 pieces). Its features 

include controls for designating the start-up time and 

controlling the defrosting process (time and power), the 

cooking process #1 (time, temperature and power) and the 

cooking process #2 (time, temperature and power). In 

addition, the clock can be used as an independent timer. 

The program for the microwave oven application is 

stored in the MS8840-001P. 

FEATURES 
• Programmed operation for DEFROST, COOK 1 and 

COOK 2 processes 

• Time, temperature and power controls 

• Clock and timer 
• Display of the time, temperature and power on the large 

fluorescent display tube 

• The simplification in circuit design facilitates cost 

reduction and miniaturization of the oven. 

FUNCTION 
1 . Microwave Oven Function 
(1) Outline of operation 

When the start key is depressed after setting up the 

cooking conditions (time, temperature and power) 

through the touch key, the oven starts operating in the 

following sequence regardless of the order the conditions 

were keyed in. 

As soon as one process is completed, the next process 

is started, skipping those processes that are not 

qesignated, until finished. In addition, the clock can be 

used as an independent till'er. 

(2) Clock 

The clock has a 12-hour dial and indicates hours and 

minutes. 

(3) Timer 

The timer actuates the buzzer at the specific time 

designated in minutes and seconds. 

(4) Start time 

It designates the start time and starts the cooking when 

that specific time is reached. 
(S) Defrosting 

Power and time can be selected for defrosting , but 
when no power setting is made, the oven automatically 

uses a 50% setting. During the se! time, the system 

(M58840-XXXP) IN A MICROWAVE OVEN 

controls the magnetron, on and off, to maintain the 

power specified, and turns the magnetron off as soon as 

the specific period is over. The oven is kept in this halt 

condition for the duration. 

(6) COOK 1 

The operating Rower, temperature and time can be 

selected for this process. If no specific power is desig­

nated, the oven automatically uses a 100% setting. The 

operating temperature can be selected in the range of 
3SoC-9SoC. The magnetron is operated, on and off, 

at the power setting after the cooking has started until 

the selected temperature is reached. Although the 

magnetron is turned off after reaching the selected 

temperature, it is turned on again when the temperature 

in the oven falls 3°C below the selected temperature. 

This procedure is repeated until the time is reached for 

completion of the COOK 1 process. 

When no temperature setting is made, the oven oper­

ates at the power specified and completes the COOK 1 

process when the set time is reached. 

(7) COOK 2 

The procedures for COOK 2 are the same as those for 

COOK 1. 

(8) Clear 

The clear switch is used to change key entries or to 

advance to the next process and discontinue the process 

in operation. 

(9) Reset 

Depressing the reset key term inates the entire cooking 

process and shifts to clock operation. 

(10) Stop 

When the stop key is depressed or the door is opened, 

the cooking process is interrupted. The start key has to 

be depressed again if the operation is to be resumed. 

(11) Display 

The operating time, power and temperature are dis­

plyed on the fluorescent display tube. The tube displays 

key-entry data during the key entry. The clock is dis­

played on the screen by the use of the CLOCK key. It 

usually indicates remaining cooking time during the 

cooking operation, but memory contents can be recalled 

for the clock, power and temperature settings. The oven 

temperature can also be displayed. 

The cooking mode is indicated on the LED. 

2. Inputs 
(1) Key input: Ko""'K7 

22 keys are arranged in a matrix through the K ports 

and the D ports, using the touch keyboard for input. All 

inputs are checked 8 times in a lOOms period before 

being accepted as valid. This is done to prevent errors 

in operating the oven. Furthermore, successive key entry 

cannot be made until it is confirmed 8 times in a period 

of lOOms that there were no keys depressed. 
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The following 22 keys are provided: defrost (DEFR), 

cook 1 (COOK 1), cook 2 (COOK 2), temperature 

(TEMP), power (POWER), start (START), stop (STOP), 

clear (CLEAR), reset (RESET), timer (TIMER), clock 

(CLOCK), start time (5. TIME) and numbers ((}-9). 

(2) Time detection input: K 13 

This input is used to count the time. Rectified AC 

waveform from the power source is applied. 

(3) 50/60Hz switching input: K9 

This input is used to compensate for the power source, 

50Hz or 60Hz. 

(4) Temperature sensor input: Kll 

Voltage appropriate to the temperature is applied from 

the thermistor located in the temperature probe. 

(5) Temperature probe SW input: Ks 

This input is used in checking whether the temperature 

probe is operating. 

(6) Door SW input, KIO 

This input is used to check whether the door is open. 

(7) Touch keyboard comparison voltage setup input: K14 

This is an input with which the detection level is set 

up for the touch keyboard. It very useful when the 

specifications of the touch keyboard are altered. 

3. Outputs 
(1) Magnetron control output: 0 4 

The magnetron is activated with a high-level output, and 

disabled with a low-level output. Alternate on/off 

operations are repeated with the designated power 

(duty) in units of 30 seconds. For instance, the magne­

tron is activated for a period of 9 seconds and disabled 

for a period of 21 seconds, when the power setting is 

30%. It also provides on/off action for controlling the 

temperature. 

(2) Fan output: 0 3 

The fan is started as soon as the DEFROST, COOK 1 or 

COOK 2 process is begun, and is turned off as soon 

as the stop switch is depressed or the cooking process 

is completed. 

(3) Buzzer output: Ds 

There are three buzzer-control outputs. 

O.2-second buzzer ... This buzzer is activated each 

time a validated key entry is made. 

0.5-second buzzer ... This buzzer is activated each 

time one stage is completed. 

3-second buzzer ... This buzzer repeats 0.2-second 

intermittent actuation for a period of 3 seconds when 

the timer completes its counting or the cooking 

process is completed. 

(4) Fluorescent display tube: So-57 , D6 -D9, D2 

A large fluorescent display tube can be driven directly 

with these outputs. (With maximum output voltage of 

33V, and maximum of 15mA for the D ports and a 

maximum of 8mA for the 5 ports.) 

The display is activated dynamically, and its duty is 

(M58840-XXXP) IN A MICROWAVE OVEN 

about 1/14, with an on duration of 0.9ms. 

The following type of a display is taken into consid­

eration. When indicating the temperature and a "C" 

is displayed in the least significant column, the colon 

in the center of the display is not displayed. Also for 

power display the colon is not displayed, and a "P" is 

displayed in the least significant column. 

OO·C/O 
LI 1-'· LI LI 

(5) LED display: So-57 , DIO 

Key entry number or the cooking mode is displayed on 

the LED, and the contents of one or more of the 

following are displayed: [5. TIME], [DEFR], [COOK 

1], [COOK 2], [TIMER], [START], [STOP], and 

[TEMP]. 

The LED is activated dynamically, and its duty is about 

70%, with an on duration of about 9ms. 

(6) Capacitive panel detection outputs, Do-D2 
Inverted D-port outputs are amplified and supplied to 

the touch keyboard in order to identify the key depressed 

in the matrix through the K ports. 

Output D2 is used for displaying the colon on the 

fluorecent display tube. 

4. Key Entries 
After depressing a function key, a number key is depressed. 

Then the data thus entered will be stored in the RAM, after 

another function key has beed depressed, if no error was 

detected in the data. 

(1) Setting the time 

Setup of hours and minutes: 

Used to set the CLOCK and S. TIME. Must be set 

within the range of 1 :00-12:59. 

Setup of minutes and seconds: 

Used to set the TIMER, DEFR, COOK 1 and COOK 2 

periods. 

Must be set within the range of 1 second-99 minutes 

and 59 seconds. 

Error: 

When key entry is made over the above upper limits or 

more than 6 digits are entered, an error indication 

(EE:EE) is displayed. 

An example of setting the clock operation is shown in 

the following illustration: 

Example of key entry (1 ) 

KEY 

1 ST STEP (CLOCK) 

2ND STEP ( 

3RD STEP ( 2 

4TH STEP ( 3 

5TH STEP ( 4 

6TH STEP (START) 

DISPLAY 

01 
: 1 

: : 21 
::2 31 
2:3 yl 
2:3 L:I 
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When a key entry error is detected in the fifth or sixth 

step, an error indication "EE:EE" is displayed, after 

the CLEAR key has been depressed. Then the data must 

be reentered. When there is no error in the key entry, 

the clock operation will start as soon as the start key 

is depressed. 

(2) Setup of duty for the magnetron 

The operating power must be set in the following 

sequence: [POWER] -+ [DEFR, COOK 1, or COOK 

2] -+ [NUMBERS]. Power duty in the range of 0 

"'100% can be used for COOK 1 and COOK 2 opera­

tions, but for the DEFR operation the range is 0"'50%. 

Even though the rate is set over 50% for DEFR, a rate 

of only 50% will be used because of the limit. 

Entry of power duty settings 0 -90% is made by 

depressing one number key that is the desired setting 

to the closest 10%. An entry of 100% is made by 

depressing the 1 followed by a O. Deviating from this 

will cause an error. 

Example of key entry (2) 
KEY 

1ST STEP (POWER) 

2ND STEP (COOK 1) 

3RD STEP ( 

4TH STEP (COOK 2) 

DISPLAY 

:00,01 
20,0 I 

01 
Automatically 100% of the duty is recalled from the 

memory in the second step, 20% is displayed in the 

third step, 20% is stored in the RAM in the fourth 

step, and then the time of the COOK 2 is recalled from 

the memory. (But only [0] is displayed in this case, 

because the data for COOK 2 has not yet been entered. 

(3) Setup of temperature 

The operating temperature must be set in the sequence 

of [TEMP] -+ [COOK 1 or COOK 2] -+ [NUMBERS]. 

The temperature must be within the range of 35°C 

"'95°C. Exceeding this range wfll cause an error. 

5. Data Display 
(1) Before the start 

Data during key entry is displayed in the manner 

mentioned previously, but this data can be recalled 

from memory by depressing the appropriate function 

key when needed for reference. 

Example of key entry (3) 
KEY 

1ST STEP (CLOCK) 

2ND STEP ( TEMP) 

3RD STEP (COOK 2) 

4TH STEP (COOK 1) 

5TH STEP (POWER) 

6TH STEP (COOK 2) 

DISPLAY 

: ::5.51 
cl 

62cl 
5:301 

,01 
G 0,0\ 

(M58840·XXXP) IN A MICROWAVE OVEN 

In the first step the present time is displayed from the 

clock. Then the temperature setting for COOK 2 is 

recalled from memory in the second and third steps. 

The time setting for COOK 1 is recalled in the fourth 

step. Then the power setting for COOK 2 is recalled 

from memory in, the fifth and sixth steps. 

(2) After the start 

After the start key is depressed, the remaining cooking 

time is displayed, but the following data can be recalled 

and displayed for 3 seconds. 

Power: Depression of the [POWER] key displays 

the current power setting. 

Clock: Depression of the [CLOCK] key displays 

the time. 

Operating temperature: Depression of the [TEMP] 

key once displays the current operating tempera­

ture setting. 

Measured temperature: Depression of the [TEMP] 

key twice displays of the measured temperature at 

the present stage. 

6. Correction of Data 
As the function keys are depressed to recall data, correction 

of the data can be made by entering the new corrected data 

after the key operation in the usual manner. To correct 

the data while in operation, the stop key must first be 

depressed to stop the operation. 

7. General flowchart 
A flowchart of the M 58840-00 1 P is shown in the following 

illustration. 
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8. Routines for Other Applications 
Program routines of the MS8840-001P that may be suita­

ble for other applications are shown below. 

(1) Temperature measurement 

After measurement of the temperature, the data, output 

as Hand L signals, is converted to BCD. 

(2) Counting seconds 

Up to 60 seconds can be counted by supplying the 

power-supply waveform to the K'3 port. 

(3) Counting hours and minutes 

Up to 12 hours can be counted. 

(4) Use of touch keyboards 

Depression of a touch-keyboard key can be detected. 

(5) Key identification 

Up to 22 keys can be identified. 

(6) Displaying 

A fluorescent display tube and LEDs can be displayed 

dynamically. 

(7) Temperature comparison 

Temperature comparison can be made to detect a 2°C 

fall in temperature for temperature control. 

(8) O.S-second flickering 

Display "C" or the LED can be flickered in units of 

0.5 seconds. 
(9) Count of time 

The time settings can be decremented each second, and 

APPLICATIONS EXAMPLE (microwave oven 
Z 

F M Z 
A A E 

M58840-001 P) 
N G R 

R56 D3 D, Ds 

~ 
XOUT D6 
X,N D, 

C, 10PF D. 

(TOUCH PA~) ;!; D9 
r-r- Rll0~8 

Ko 50 
t--r--r--- R, 

-U- K, 
5, 
5, 

I--I--r-- R3 5, 
""1I"" K, 55 

t--r--r--- R, 56 
"""1.r K3 5, 
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used to terminate or start operations when the count 

reaches O. 

(10) Buzzer control 

Buzzer actuation can be controlled for a duration of 

0.2,0.5 or 3 seconds. The 3-second actuation is on-off 

at 0.2-second intervals. 

(11) Time monitoring 

Time can be monitored and used to terminate or start 

operations when the time setting is reached. 

9. Typical control circuit of a microwave oven 
A typical example of a microwave oven circuit is shown. 

Details of input and output performance are as previous­

ly described. Please refer to the information provided for 

the PCA0402 in regard to capacitive touch-keyboard 

operation. The diode D" is provided to prevent counterflow 

because D2 is also used for the colon output and display. 

The temperature-detection circuit K" compensates for the 

nonlinear output of the temperature probe and facilitates 

easy temperature conversion. 

The touch-keyboard interface and the AID conversion 

circuit are contained in the M58840-XXXP. The wide range 

of S ports and high maximum output voltage of the Sand 

D ports simplify circuit design. This results in cost reduc­

tion, improved performance and improved reliability be­

cause fewer parts are required. The use of fewer parts 

also helps miniaturization. 

30V 

10kX12 
AZI An A23 RZ4 RZ5 RZ6 RZ7 RZ8 R29 AJO R31 R3Z 

I ~ 
/-, 
C] 

/-'·0 ,-, 
".,_, 0 

t--r--r--- Rs 
IT K, 

53-

IFLUORESCEN: l}'"L eoOC" , t--r--r--- R6 -u- DISPLAY TUBE) R'3 

t--r--r---
Ks 

D,_.(MC301 x 8) 10k R, 

t--r--r---
-U- K6 

LED,_. -30V 
R. 

OJ K, 
II III/ III/ 1/11 II 

3.3kX8 
VA

9
( 
~~ :;u- M58840- A33 R34 R" R36 R37 R3B R39 R40 

OOIP (MODE DI5PLY] 
-15V I I D,o R41 .-JQ, 

R'~r12 R'3~~'6 ""J 10k 
2.2k 25C620 

R" 
r- 10k 8.2k 10k 82k 10k R20 

30V 
R'4 R18 82k 

H~'" 
R,o 

Rll 2SB R,s 25B R,.25B VREF 500Q VR 2.2k 528 22k 528 22k 528 ~~ ~~ ~ 
~ ~~~PROBE5W JL JL D, K. 

D, K. ~~50/60HZ 5W 

Do KlO ~o5W3 DOOR 5W 
JL -'" r'~ -15V -15V 

Rso 
R48 330Q 

RS6 D, Rss .....--

33k 
~f33k Rs, 

R49 
AC WAVEFORM 

Rs, 
'--- 8.2k Rs, 

TEM~( ~ RS3 330Q 
D,o PROBE 12k (HL SET CIRCUIT FOR 

, R ~I--- TOUCH KEYBOARD) 

T Y IR UIT (AC REC IF ING C C ) S'1.5~ (TEMPERATURE-
DETECTION CIRCUIT) 
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MELPS 8/85 PROGRAM LIBRARY 

1 . CODE-CONVERSION PROGRAMS 
There are 4 code-conversion programs for conversions 

between hexadecimal numbers and their corresponding 

ASCII code in binary notation. Details of these programs 

are given below. 

Table 1 Correspondence of number formats 
Hexadecimal Machine language ASCII code in binary notation for 

symbols binary number hexadecimal symbols 

0 0000 00110000 
1 0001 00110001 
2 001 0 00110010 
3 001 1 001 1001 t 
4 0100 00110100 
5 0101 00110101 
6 01 10 001 10110 
7 01 1 1 001 lOt 1 1 
8 1000 00111000 
9 1001 001 1 1001 
A 1010 01000001 
B 101 1 01000010 
C 1 100 01000011 
0 1 101 01000100 
E 1 1 10 01000101 
F 1111 01000110 

1.1 Binary (4 Bits) to ASCII (1 Character) 
Conversion (BTA) 

This program converts the low-order 4 bits in the A 
register (a hexadecimal number O-F) to the corre­
sponding 8-bit ASCII-coded hexadecimal symbol '0' -'F'. 
The result is retained in the A register. Registers B, 
C, D, Hand L are not affected. 

Register Status 

Register Contents at start 

A Binary number to be converted 
in the low-order 4 bits 

B. C. D. E. 
Hand L 

Flow Chart 

IN ASCII CODE 

1 , 
RETURN 

Program Listing 

Contents at return 

8-bit ASCII code 

Contents at start 

I , 
) 

1\2\3\4\5\6 7 8\9\10\11\12\1 14\15\ 16\ I 7f11l1 19120121122123124125\26\27[28129130[3 113213 

* 
* *** SUB,( B TAl) */BINARY TO ASCI I 

* 
BTA ANI OF# 

5 
CPI 10 
JNC B1 
ADI 48 
RET 

B1 ADI 55 

10 
RET 

SUBROUTINES 

1 .2 Binary (8 Bits) to ASCII (2 Characters) 
Conversion (BTA 2) 

This program converts the 8 bits in the C register (a 2-digit 

hexadecimal number OO-FF) to the 2 corresponding 8-bit 
ASCII-coded hexadecimal symbols '0' -~'F'. The results 

are retained in registers H (high order) and L (low order). 

The B, D and E registers are not affected. 

Register Status 

Register Contents at start Contents at return 

A 8-bit ASCII code for the high-order 
hexadecimal svmbol 

C Binary number to be converted Binary number to be converted 

H 

L 

B. 0 and E 

Flow Chart 

8-bit ASCII code for the high-order 
hexadecimal svmbol 
8-bit ASCII code for the low-order 
hexadecimal svmbol 

Contents at start 

BTA 

(L)+-(A) 

(A)+-(C) 

CONTENTS OF THE A REGISTER 

SHIFTED 4 BITS TO RIGHT 

BTA 

Program Listing 
1\2\3\415\6 7 8 \ 9\10\1 il12\13 14\15\16117\18\19\20\21\22\23\24\25\26\27\28\29\30\31\3213 

' , 
* 

' , 

* *** SUB,( BTA 2J * : 

* *BIN ARY TO TWO ASC:I I CHARACT:ERS 

* 
: : 

5
BTA2 MOV A.C 

CALL BTA : : 
M,OV L.A 
M,OV A.C : 
RRC 
RRC : : 

10 
RRC 
RRC : : 
CALL BTA 
M,OV H.A : : 

15 
RET 
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1.3 ASCII (1 Character) to Binary (4 Bits) 
Conversion (A TB) 

This program converts the 8-bit ASCII code in the C 

register (a hexadecimal symbol 'O'''''F') to a 4-bit binary 

number 0000"'1111. The result is retained in the low-order 

4 bits of the A register. If the C register contains a code for 

a character other than a hexadecimal symbol O"'F, it is 

recognized as an error; the carry flip-flop is set, and the 

program is exited. Registers 8, D, E, Hand L are not 

affected. 

Register Status 

Register Contents at start Contents at return 

A Hexadecimal number in binary 
form in the low order 4 bits 

D 
ASCII coded hexadecimal symbol ASCII coded hexadecimal 
to be converted symbol to be converted 

B.D.E.H and L Conten ts at start 

Flow Chart 

Program Listing 

1121314i516 7 819110111112113 14115116117! 18119120121122123124125126127128129130131132133 

* : 

* *** SUB(ATB) * I:ASC I I TO B:INARY 

* ~,TB MOV---, A,C : 

SUBROUTINES 

1.4 ASCII (2 Characters) to Binary (8 Bits) 
Conversion (A TB 2) 

This program converts the two 8-bit ASCII codes in the 

Hand L registers (2 hexadecimal symbols 'O'''''F', high 

order in the H register and low order in the L register) to 

an 8-bit binary number (0"'25510 ). The result is retained 

in the A register. If the H or L register contains a code 

for a character other than a hexadecimal symbol 'O'''''F', 
it is recognized as an error; the carry flip-flop is set, and the 

program is exited. The D and E registers are not affected. 

Register Status 

Register Contents at start Contents at return 

A 
8-bit binary number 
(2'hexadecimal digits) 

B 4-bit binary number in the high-order 4-bits 
conversion of high-order hexadecimal symbol 

C Low-order ASCII coded hexadecimal 
symbol to be converted 

H 
High-order ASCII coded hexadecimal 
symbol to be converted 

High-order ASCII coded hexadecimal 
symbol to be converted 

L Low-order ASCII coded hexadecimal Low-order ASCII coded hexadecima 
symbol to be converted symbol to be converted 

o and E Contents at start 

Flow Chart 

r-

( 
Program Listing 

RETURN ) 

11213141516 7 81 9110111112113 14115116117118119120;2112212312412512612712812913013113213 

* : 

* *** * : CPI 65 SUBJATB 2cl 
5 

* ITWO ASCI I C H A R A C:T:E R S TO B I NiARY JC A1 
CPI 71 
JNC A3 
SUI 55 
ANA IA 
RET 

o A 1 CPI 48 
JC A3 
CPI 58 

1-1 JNC A3 
A2 SUI 4,8, 

lANA A 
5 

RET 
A3 STC 

RET 

: 

: 

* 
5

ATB2 

10 

15 
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MOV 
CALL 
RC 
RLC 
RLC 
RLC 
RLC 
MOV 
IMOV 
CALL 
RC 
ADD 
RET 

: 
C,H : 

ATB : 

: 

: 

: 

: 
: : 

B,A : 

C, L : 

ATB : 

: 

B : 
: 
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2. SORTING PROGRAM (SORT) 

This program sorts records (1 byte in length) in descending 

order. Up to 65535 records can be sorted. The binary num­

ber 255 10 cannot be used as data because it is reserved for 

the end-of-data mark. This data is stored in descending 

order according to its rank. 

The program sorts by comparing a data item with all 

other data items, thus determining its rank. The data is 

then stored in descending order according to that rank. 

This program can also recall the data associated with any 

rank. If the rank k (1 ~ k ~ 65 535) is stored in memory 

locations ORO and ORO+1, the 1-byte data associated with 

that rank is stored in the A register, and then control is 

returned to the user's program. If k is specified as zero, the 

A register is reset to zero and control is returned to the 

user's program. 

Register Status 

Register Use during execution Contents changed at return 

A Calculates and recalls data of rank k yes 

B Storage for data being compared yes 

C Not used no 

0 Memory address for storing data after yes 

E ranking yes 

H yes 

L 
Memory address of data to be ranked 

yes 

Symbolic Memory Address 

Symbolic address Use during execution No. of bytes Contents changed 
at return 

ORO k (the rank of data to be recalled 2 no 

* PRO Storage area for records to be 
n+1 no 

sorted (PRO is the first address) 

~ Storage area for sorted data ::) MAX n+1 (MAX is the first address) yes 

DADO Address in PRO of record 
2 

being sorted no 

ttl 

~ RAOO Address in MAX for storing 

~ 
2 no 

result 

0 Ml u Address of record to be ranked 2 yes 

M2 Address of record being compared 2 yes 

COUNT Counter for number of records 2 yes 

Flow Chart 

SUBROUTINES 

INITIALIZE ADDRESS j TO 

PRO; j IS THE RECORD TO 

BE RANKED 

INITIALIZE ADDRESS i TO PRO. 

THESE ARE THE RECORDS TO 

BE COMPARED 

INITIALIZE ADDRESS k TO MAX. 

k IS THE ADDRESS OF THE kth 

RANKED RECORD'S DATA 

LOWER RANK BY 1 

k<--k+l 

STORE DA fA OF RECORD j IN 

OUTPUT FILE CORRESPONDING 

TO ITS RANK k 

15-104 
•. MITSUBISHI 

.... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

Program Listing 

11213141s16 7 81911~11112I1 1411s11611~lslI9I2~21122123/2412sI2612712812913~3113213 

* 
* 
* IN.A.M, S,QR T,········t·····························t··LCI{ 
* <USERS D,A.TA ARE,A.> i*··························~··L® 
QRO D,ADR 0: ; 

10~~~~4D~E~F~~F5~5~~~~~~~~~~~ DE F 1 00 ........ j ............................. j .. jQ.) 
DEF 15: : 

.15 MAX 
DEF F F# ···········:·····························:··i(4) 
BSS MA.X -P R O·····························:·-;<-m 

* * <C,ONTR,QL DATA ,A.REA:> 
I I I I I I I 

20 R ADD DADR MAX 
M,1 DADR 0 
M2 DADR 0 
C,OU,N.T DADR 0 I I I , , 
~*~I~~~~~~~~~~~~~~~~~_:~_L 

25~:~*~*_*~P~R~IQ~\Q~IR~A=TIM~S~T~A~R~T~i*~*~*~*~~~~~ 

R,QM, 
OAD:D 

............. ~ 
S,ORT LHLD 

XCH,Q 
LX I H, 0 

~~R~1~~~~S~H~L·D~~C~OIU~iN~T~~~~~~~~~ 
~ 

L H L D, R,A,DiD 
.J~ 

XCH~ 

* , I I I I-L_~ 
35 R2 I IMOY B ,oM 

CP I FF#: 
JZ RS 
SHLD 1M1 
LH LD DADiD 

40 R3 IMOY A, M 
SHLD 1M2., 
lep I FF:t:I:: 
JZ R7 
C,M,P B 

PUSH PSW 

LOA 1M2 

JC R4 
P,OP pSW, 

SUBROUTINES 

11213141s16 7 819110/11112113 14115/16117118JI912oI21122123r2412SI2612712812~3~ 3113~33 
R5 INX D : : 
R6 INX H ! 

JM,P R3 
* 
R7 LHLD M,1 

INX H : 
60 

MOY A, Bi 
STAX D : 
XCHG 

65 
LHLD COU:NT : 

JNX H : 
JM,P R1 

* 
RS LHLD COUiNT 

XCHG 
LHLD RAD:D 70 

f-L-L.L DAD D 
MOY M" A~ 

* 
LHLD PLRD: : 

MOY A, Li 
75 

p,RA H 
JZ R9 
DCX H 
XCHG 
LHLD RAD~ 

80 

DAD D 
M,OV A'M; 

R9 RET 

Explanation Keyed to Program Listing 

CD The program name is defined as 'SORT'. 

(2) If column 1 of a statement is '*', it is considered a 

comment. 

Q) Defines the value of data. 

@ The '#' in FF# indicates that FF is a hexadecimal 

number. 

@ Reserves a region to store the results. 

@ The above program is defined as a RAM region because 

its contents are variable at time of execution, and this is 

a ROM region because its contents are fixed. 

• MITSUBISHI 
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APPLICATION OF MELCS 8/2 SINGLE·BOARD COMPUTER 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

DESCRIPTION 
Three PCA080 1 single-board computers are connected to 

form a master-slave microcomputer data-transmission 

system. Such a system contributes significantly to reducing 
the load on the host computer and to improving the 

operational efficiency and functions of the system. This is 

an example of a mode 2 application of the M5L8255AP 

programmable peripheral interface (PPI). 

FUNCTION 
One of the three PCA080 1 s serves as the master computer, 

and the other two as the slave computers that complete 

the system. When the No.1 PPI (C.W.=0316) is set to 

mode 2, data is transmitted between the master and either 

of the slaves using the I/O port PA as a bidirectional data 

bus. 

OPERATION 
The master computer, storing 200 bytes of the trans­

mission data within its No.2 EPROM (M5L 2708K), starts 
to transmit that data to the No. 1 slave computer via the 

I/O port PA (PAo"'PA 7). After receiving the data, the 

s~ave computer inverts the data and stores it in its RAM 

(M5L2111AP). This inverted data is then sent back to the 

master computer, after which it is stored in the master 

computer's RAM. 

The master computer now starts to transmit 200 bytes 

of the RAM data to the No.2 slave computer, where the 

data is inverted and stored in the RAM to be sent back to 

the master computer. 

The master computer, having completed storage of the 

data in its RAM, executes an inspection routine for the 

stored data, and compares the 200-byte contents of the 

Fig.1 Applcation Example 
PCA0801 SINGLE-BOARD COMPUTER (NO 2 SLAVE) 

PA(04,.) ~ 
PPI PB(05,.) ~ 

5V -{r 

~ M5L 8255AP 
f-----.'-L 

LED 2 
M5L2111AP PC(06,.) 
~ 

~ PB(O',,) LED 1 

EPROM'"NOl 
---- -----

'"' :~ 
CP26 ACKA 

(M5~5~08K) M5L 8255AP PC, 15 CP24 STB 
LLED 0 

PC, 13 INSTRUCTION 
PC(02,,) pc, 16 CP27 I OBF A STORAGE 

CP25 IBFA I 
~ 

pCs~ 

------P~:a: M5L8080AP 
B ~ PA(OO,,) \ . \ 

PA, 24 

PA(04,,) ~ 

~ PPI PB(05,,) ~ 
M5L 8255AP 

M5L 2111AP PC(06,,) ~ 
L---.J 

PB(O',,) ~ 
--------

EPROM NO 1 

pp, 'I CP26 ACKA 
(M5~6~08K) M5L 8255AP CP24 STBA 
INSTRUCTION pc, 

STORAGE PC(02,,) CP27 OBF A 
PC7 16 

PCs-...!..!. CP25 IBFA 

EPROM and the RAM for discrepancies. 

If all the data is correct, LED 1, which acts as an in­

dicator, is turned on. If not, LED 2 is lit, and execution 

is terminated. 

The operational status of the LEDs (on or off), and 

their significance, are shown in Table 1. These status in­

dications are shown in the sequence of CPU progress, so 

that the operating status of the master· computer may be 

readily recognized from the combination of LED O"'LED 

2 indicators. 

Table 1 Status as Indicated by the LED Display 

CPU LED LED LED 
Description of the status Indicated 

Sequ' 
ence 0 1 2 

0 0 0 System IS not transmitting data 

0 0 1 
Data is being started between the master and 

slave computer No.1. 

1 0 0 
Data is being transmitted between the master and 
slave computer No.1 

'-

0 0 0 
Data is completed between the master and slave 

computer No.1. 

0 0 1 
System IS in the idle condition. with no transmission 
between the master and slave computer No.2 

Data is being started between the master and 
1 1 1 

slave computer No.2. 

--> 0 1 0 
Data transmission has been completed. having trans-
mitted the data correctly 

--> 0 0 1 
Data transmission has completed. but a transmission 
error has been found. 

Note 1 "ON" indicates where the LED turns on. and "OFF" where the LED turns off 
2 The slave computers. No. 1 and No.2. must be In operation prror to the en­

gagement of the master computer 

PCA0801 SINGLE-BOARD COMPUTER (MASTER) 

~ PA(04,.) 
----------

3309 ... <, 
~ 

I-----
29 PB, ... 

r-=:l 3309 ... !'!' ~ ... 28 PB I PB(05,.) 
M5L 2111AP 

3309 '/ ~ L---.J 27 PBo PPI 

1-::: ___ ~5:-_8!25AP 
r------1 

CP65 C;w PCs EPROM NO.2 
CP61 

36 PC, 
(M5~6~08K) 

CP64 PC(06,,) 

~ 39 PC, 
CP60 

~PCo 

CP15 
6PBs 

r------1 
EPROM NO.1 

CP" (M5L2708K) 
2 PB, FOR 

CP14 PB(OI,,) INSTRUCTION 
5 PB, ~ CP10 PPI 

--:'::~~~_~~,=_8~55AP 
8 rJ~AO N \ \ PA(OO,,) 

24 PA, 
-- - - - ---- M5L 8080AP 

~ -
,5 PC. 

STBA 
,3 PC, 

PC(02,,) @ ~ CPOO CP20 9 PCo 

-----;~-:c: M5L 8080AP 
~ PA(OO,,) \ \ 

PA, 24 

PCA0801 SINGLE-BOARD COMPUTER (NO.1 SLAVE) 

15-106 

8 CP07 ACKA CP2' 

BIDIRECTIONAL 
DATA BUS 
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

Fig. 2 Master microcomputer flow chart 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

• MITSUBISHI 
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OUTPUT (COUNT) 

TO I/O PORT 0416 

Nap 

NO 
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUtER 

Fig. 3 Slave microcomputer flow chart 

INITIALIZE VALUE 
OF STACK POINTER 

CLEAR WORK AREA 

INITIALIZE 20216 
IN (D)(E) 

INITIALIZE 
RAM TOP ADDRESS 

IN (H)(L) 

NO 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

(A)<-(SCRTCH) 

CALL SO 
(SLAVE DATA OUTPUT) 

MOVE DATA IN 
SCRATCH-PAD AREA 
TO RAM DATA AREA 

INCREMENT 
(H)(L) 

NOP 

NO 

SET CARRY 

NO 

COMPLEMENT CARRY 

NO 

14------(2 

15-108 

CALL SI 
(SLAVE DATA INPUT) 

INVERT INPUT DATA 
AND STORE IN 

SCRATCH-PAD AREA 

• MITSUBISHI 
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER·SLAVE MULTICOMPUTER SYSTEM 

MASTER MICROCOMPUTER MAIN PROGRAM LIST 
* *CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR 

0010 0081 3ACC40 LOA FLAG 
0001*** MASTER M ICROC 0 MPUTE R MAIN PROGRAM *** 0011 0084 B7 ORA A 
0002 0400 ROM2ST EaU 0400# 0012 0085 C20101 JNZ SUM 
0003 4000 RAM5T Eau 4000# 0013 0088 3ACE40 LOA TEMPRY 
0004 40ca OS TN Tl Eau 40C8# 0014 0088 EB XCHG 
0005 40CA DSTNT2 Eau 40CA# 0015 008C 71 MOV MtA 
0006 40CC FLAG fau 40CC# 0016 0080 00 OCR C 
0001 40CO COUN T Eau 40CO# 0011 008E EB XCHG 
0008 40CE TEMPRY EQU 40CEII 0018 008F C2FCOO JNl YET 
0009* 0079 0092 3EOO MVI AtOO* 
0010* 0080 0094 0305 OUT 05# 
0011 0000 ORG 0000# OOtH 0096 18 MOV AtS 
0012 0000 3EC2 MASTER MV I A tCU 0082 0091 FE02 CPI 02# 
0013 0002 0303 OUT 03' 0083 0099 C2CFOO JNl S2ENO 
0014 0004 3E01 MVI AtOll 0084 009C C01201 CALL TIMEC 
0015 0006 0303 (JUT 03' 0085 009F 3E69 MVI At69' 
0016 0008 3E03 MVI A t03' 0086 OOAI 0300 OUT 00# 
0017 OOOA 0303 OUT 03' 0081 00A3 3E02 MVI A t0211 
0018 OOOC 3E80 MVI A t80# 0088 00A5 0303 OUT 03. 
0019 OOOE 0.301 OUT 01# 0089 00A1 3E02 MVI A,OZ* 
0020 0010 3EOO MVI AtOOw 0090 00A9 0301 OUT 011 
0021 001Z 0305 OUT OS, 0091 OOAB 3C INR A 
0022 0014 3EFF MV! AtFF# 0092 OOAC 0301 OUT 011 
0023 0016 0.306 OUT 06' 0093 OOAE 3E03 MVI A t03. 
0024 0018 3EAA MVI AtAM 0094 0080 0303 OUT 03' 
0025 001A 0304 OUT 0411 0095 00B2 CD2E01 CALL TIMED 
0026 00 Ie 31FF40 LXI SPt 40FF II 0096 00B5 3EOA MVI A tOAl' 
0021 001F 0602 MV I B t 2 0091 OOB1 0301 OUT 01' 
0028 0021 210001 LXI rftX 0098 0089 3EOO MVI AtOOIl 
0029 0024 22C840 SHLO OSTNTI 0099 OOBB 0303 OUT 0311 
0030 0027 21E 501 LXI HtY 0100 0080 3C INR A 
0031 002A 22CA40 SHLO OSTNT2 0101 OOBE 0303 OUT 0311 
0032 002D AF XRA A 0102 OOCO 3EOB MV! AtOBII 
0033 002E 32CE40 STA TEMPRY 0103 00C2 i)307 OUT 01# 
0034 0031 32C040 STA COUNT 0104 00C4 OBOO IN 0011 
0035 0034 3£59 MVI At59# 0105 00C6 0668 SUI 68# 
0036 0036 32CC40 STA FLAG 0106 00C8 C20BOl JNZ NOCOMC 
0031 0039 CD1201 CALL TIMEC 0101 00C8 3E01 MVI A ,01# 
0038 003C 3E69 MVI A ,69# 0108 OOCO 0305 OUT 0511 
0039 003E 0300 OUT 00# 0109 OOCF 210040 S2ENO LXI H tRAHST 
0040 0040 3E02 MV! A,0211 0110 0002 54 MOV OtH 
0041 0042 0303 OUT 03# 0111 0003 50 MOV E,L 
0042 0044 3EOO /'IV I A ,00' 0112 0004 05 OCR 8 
0043 0046 D301 OUT 01# 0113 00D5 C27200 JNZ RPT2 
0044 0048 3C INR A 0114 0008 OEca MVI Ct200 
0045 0049 0301 OUT 01' 0115 0001\ 110004 LXI D"tROM2S T 
0046 0048 3E03 MV! A,03# 0116 OODD 1A SCAN LDAX D 
0041 0040 D303 OUT 03' 0111 OOOE 8E CMP M 
0048 004F C02E01 CALL TIMED 011a OODF C2F500 JNZ TRMERR 
0049 0052 3E08 MVI At0811 0119 OUE2 13 !NX D 
0050 0054 0301 OUT 0111 0120 00E3 23 INX H 
0051 0056 3EOO MV! A ,00, 0121 00E4 00 OCR C 
0052 0058 0303 OUT 0311 0122 OOE~ C2DDOO JNZ SCAN 
0053 005A 3C INR A 0123 00E8 3E02 MVI A ,0211 
0054 0058 0303 OUT 03' 0124 OOEA 0305 OUT 0511 
0055 0050 3E09 MVI A t0911 0125 OOEC 3AC040 N02 LOA COUNT 
0056 005f 0307 OuT 0711 0126 OOEF D304 OUT 04# 
0051 0061 OBOO I ~ 00' 0121 00F1 00 NOl NOP 
0058 0063 0666 suI 6B. 0128 00F2 C3F100 JMP NOI 
0059 0065 C20B01 JNl NOC O"1C 0129* 
0060 0068 3E 01 MVI "toa 0130 OOF5 3E04 TRMERR MVI A t04' 
0061 006A 0305 !juT ~5' 0131 00F7 0305 OUT OS. 
0062 006C 21000 4 UI H,RCM25T 0132 00F9 C3ECOO JMP N02 
0063 006F 11 004 0 LXI [)t~A~5T 0133* 
0064 0012 OEca RPT2 Mil (,2')') 0134 OOFC 23 YET INX H 
0065 0014 7E RPTl ~r;, /.t~ 0135 OOFO 1.3 INX D 
0066 0075 C05501 ':J._L .,: 0136 OOFE C.31400 JMP RPT 1 
0067 0018 C02E01 Cf. __ L T 1"':: oJ 0131* 
0068 0018 C06001 '"..f.,-,- 1"1 0138*** NO-PASS SUM *** 
0069 007E 32CE40 ':;.Tf. T("'~~'( 0139* 

J.. MITSUBISHI 
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APPLICATION OF MELCS8/2 SINGLE-BOARD COMPUTER 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

0140 0101 3AC040 SUM LOA COUNT 021h 
0141 0104 3C INR A 0212 0160 05 M 1- PUSH 0 
0142 0105 32C040 5TA COUNT 0213 0161 110202 LXI 0,20211 
0143 OlOd C37400 JMP RPTl 0214 0164 CDA2en CALL DECOO I 
0144* 0215 0167 0800 IN 0011 
0145* 0216 0169 01 POP 0 
0146*** NOCOMMUNICATE *** 0217 016A C9 RET 
0147* 0218* 
0148 010B 3E04 NOCOMC MVI A,0411 0219* 
0149 0100 0305 OUT 05# 0220*** SUBROUTINE OECOOO *** 
0150 OlOF C3F100 JMP NOI 0221* 
0151* 0222 016B E5 OECOOO PUSH H 
0152*** SUBROUTINE TIMEC *** 0223 016C 05 PUSH 0 
0153* 0224 0160 2AC840 LHLO DSTNT1 
0154 0112 1E32 TIMEC MVI E,50 0225 0170 01301 MIBF IN 01# 
0155 0114 C02E01 T I ME C 1 CALL TIMEO 0226 0172 A6 ANA ~1 
0156 0117 10 OCR E 0227 0173 C29BOl JNZ t-1IBFP 
0157 011B CA1E01 JZ TIMEC2 0228 0176 3£02 MVI A,0211 
0158 011B C31401 JMP TIMEC1 0229 017B 0303 OUT 0311 
0159011E C9 TIMEC2 RET 0230 017A 23 INX Ii 
0160* 0231 017B 7E MOV A,M 
0161* 0232 017C 0307 OUT 0711 
0162* 0233 017E 3C INR A 
0163*** SUBROUTINE TIMEF *** 0234 017F 0307 OUT 071# 
0164 011F 05 T I MEF PUSH D 0235 0181 3E03 MVI A',0311 
0165 0120 lEOA MVI E,10 0236 0183 0303 OUT 0311 
0166 0122 C02EOl TIMEFI CALL TIMED 02.37 01B~ 79 MOV A,C 
0167 0125 10 OCR E 0238 0186 0601 SUI 01# 
0168 0126 CA2C01 JZ TIMEF 2 02J9 0188 CA9701 JZ fINEl 
0169 0129 C32201 JMP TIM EF 1 0240 0188 28 DCX H 
0170 0120 01 T I ME F2 POP 0 0241 018C 22C840 STORE 1 SHLO OSTNT1 
0171 0120 C9 RET 0242 OlaF 3E24 MVI A ,2411 
0172* 0243 0191 32CC40 STA FLAG 
0173*** SUBROUTINE TIMEO *** 0244 0194 01 NOIBF POP 0 
0174* 0245 019~ El POP H 
0175 012E F5 TIMED PUSH PSW 0246 0196 C9 RET 
0176 012F C5 PUSH 8 0247 01n 23 FINEI INX H 
0177 0130 D5 PUSH D 0248 0198 C38COl JMP STOREI 
0178 0131 E5 PUSH H 0249 019B 15 M IBF P OCR D 
0179 0132 1614 MVI D,20 0250 019C C27001 JNZ MIBF 
0180 0134 OEl4 MVI C,20 02~ 1 019F C39401 JMP NOIBF 
0181 0136 06C8 TIMED6 MV! B,200 0252* 
0182 0138 3EC8 ~1V I A,200 0253* 
0183 013A C33DOl TIMEDI JMP TP1E02 0254*** SUBROUTINE OE COD I * ** 
0184 0130 C34001 TH1ED2 JMP TH1ED3 02~5* 
0185 0140 05 T I ME 03 OCR 8 0256 01 A2 E5 DECODI PUSH H 
0186 0141 3D DCR A 0257 01A3 05 PUSH D 
0187 0142 CA4801 JZ TIMED4 0258 01 A4 2ACA40 LHLO OST NT 2 
0188 0145 C33AOl JMP TIMED1 0259 01A7 DBOI M08F IN 0111 
0189 014B 15 TIMED4 OCR D 0260 01 A9 A6 ANA 

'" 0190 014.9 00 DCR C 0261 01AA C20601 JNZ ~OBFP 
0191 014A CA5001 JZ TIMED7 0262 OlAO 23 INX H 
0192 014D 03601 JMP TIMED6 0263 01 AE 7E MOV A,M 
0193 0150 E1 TIME07 POP H 0264 OlAF 0307 OUT 07# 
0194 0151 01 PCP D 0265 01B1 3EOO MVI A ,0011 
0195 0152 Cl POP B 0266 01B3 0303 OUT 03* 
0196 0153 F1 POP PSVI 0267 0185 3E01 MVI A,Olll 
0197 0154 C9 RET 0268 01B7 0303 OUT 03* 
0198* 0269 01B9 7E MOV A,M 
0199* 0270 01BA 3C INR A 
0200*** SUBROUTINE MO *** 0271 01BS 0307 OUT 07f1 
0201* 0272 01BD 79 MOV A,C 
0202 0155 0300 MO OUT 00* 0273 01BE 0601 SUI OU 
0203 0157 05 PUSH D 0274 01CO CAD201 JZ FINE2 
0204 0158 11 0202 LXI 0,20211 0275 01C3 2B DCX H 
0205 015B C06801 CALL OECODO 0276 01C4 22CA40 STOREZ SHLD OSTNT2 
0206 015E 01 POP D 0277 01C7 3ACC40 LDA FLAG 
0207 015F C9 RET 0278 01CA 0624 SUI 24* 
0208* 0279 01 CC 32CC40 STA FLAG 
0209* 0280 01CF 01 NOOBF POP D 
0210*** SUBROUTINE HI *** 0281 0100 El POP Ii 
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MITSUBISHI MICROCOMPUTERS 

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

(peA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

0282 OlDl C9 RET 0295 01El 04 QEF 04# 
0283 0102 23 FINE2 INX H 0296 01E2 04 DEF 0411 
0284 0103 C3C401 JMP STORE2 0291 01 E3 08 OEF 08# 
0285 0106 1D MOBFP DCR E 0298 01E4 06 DEF 0611 
02B6 0107 C2A701 JNl MOBF 0299 01 ES 10 Y DEF lOll 
0287 OIDA C.3CFOI JMP NOOI3F '0300 01 E6 08 DEF 08# 
0288* 0301 01E7 20 DEF 20# 
0289* 0302 01E8 OA DEF OAII 
0290* SELECTIVE CHARACTER Cl TEI GI SURU * 0303 01E9 40 DEF 4-0# 
0291 01 OD 01 X DEF OlN 0304 OlEA OC DEF OCII 
0292 OlOE 00 DEF 00# 0305 01EB 80 DEF 60H 
0293 010F 02 OEF 0211 0306 01EC OE DEF OE# 
0294 OlEO 02 DEF 02# 0307 0000 END MASTER 

SLAVE MICROCOMPUTER MAIN PROGRAM LIST 
**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR 

0001*** SLAVE MICROCOMPUTER MA I N P-ROuRAM *** 0055* 
0002* 0056*** SUBRClur INE 51 *** 
0003* 0057* 
0004 4000 RAMST EOU 400011 0058 0055 D5 SI PUSH D 
0005 4000 SCRTCH EQU 40DO# 0059 0056 D802 SIBF IN 02# 
0006 4001 F1 EQU 4001* 0060 0058 E620 ANI 2011 
0007 4002 F2 EOU 40D211 0061 005A C26700 JNZ SIN 
0008* 0062 0050 15 OCR D 
0009 0000 ORG 000011 0063 005E C25600 JNZ SIBF 
0010 0000 .3ECO SLAVE MV I A,COII 0064 0061 AF XRA A 
0011 0002 D303 OUT 0311 0065 0062 320140 STA F1 
0012 0004 3£ 81 MVI A ,8'1# 0066 0065 01 SIND POP 0 
0013 0006 0307 OUT 0711 0061 0066 C9 RET 
0014 0008 31FF40 LXI SP,4CFFII 0068 0067 3E01 SIN MVI A,OU 
0015 0008 DBOO WAIT IN 0011 0069 0069 32D 14 0 STA Fl 
0016 0000 0669 SUI 69# 0070 006C DBOO IN 00# 
0017 OOOF C20BOO JNZ WAIT 0071 006E C36500 JMP SIND 
0018 0012 3E6B MVI A,6BII 0072* 
0019 0014 D300 OUT 0011 0073* 
0020 0016 AF XRA A 0074*** SUBROUTINE SO *** 
0021 0017 320140 STA Fl 0075* 
0022 O.olA 320240 STA F2 0076 0071 F5 SO PUSH PSW 
0023 0010 110202 LXI 0,20211 0071 0072 D5 PUSH 0 
0024 0020 210040 LXI H ,RAMST 0078 0073 DB02 SOBF IN 02# 
0025 0023 CD 5 50 0 BACK 1 CALL 5 I 0079 0075 E6S0 ANI 80# 
0026 0026 2F CMA 0080 0077 C28 50 0 JNZ SOUT 
0027 0027 320040 STA SCRTCH 0081 007A 10 OCR E 
0028 002A 3A0140 LDA F 1 0082 0078 C27300 JNZ SOBF 
0029 002D B7 ORA A 0083 007E AF XRA A 
0030 002E (A4000 JZ NOPASI 0084 007F 320240 STA F2 
0031 0031 3A0040 LOA SCRTCH 0085 0082 D1 POP 0 
00.32 0034 C07100 CALL sa 0086 0083 F1 PCP P,SW 
0033 0037 3AD240 LDA F2 0087 0084 C9 RET 
0034 003A B7 ORA A 0088 0085 3E01 sour MVI A,Olll 
0035 003B CA ~ 1 0 0 JZ NOPAS2: 0089 0087 32D240 STA F2 
0036 003E 3A0040 LDA SCRTCH 0090 008A Dl POP D 
0037 0041 77 MOV M,A 0091 0088 Fl POP PSW 
0038 0042 23 INX H 0092 008C D300 OUT OOW 
0039 0043 7D MOV A,L 0093 D08E C9 RET 
0040 0044 FECS CPI C8# 0094 0000 END SLAVE 
0041 0046 OA2300 JC BACK] 
0042 0049 00 NO NOP 
0043 004A C34900 JMP NO 
0044* 
0045*** NOPASS 1 *** 
0046* 
0047 0040 37 NOPASI STC 
0048 004E C32300 JMP BAC Kl 
0049* 
0050*** NOPASS 2 *** 
0051 0051 3F NOPA 52 CMC 
0052 0052 C32300 JMP BACKI 
0053* 
0054 EJE 
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