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16K-BIT DYNAMIC RAM

(M5K4116P, S)

2. 16K-BIT DYNAMIC RAM
2.1 M5K4116P,S TECHNOLOGY

INTRODUCTION (=5V) Ve 8 Vss  (0V)
The M5K4116P, S are 16 384-word by 1-bit dynamic Data NPUT - DIN->Z] B+ CAS  SHEEERRoT™S
RAMs, fabricated using the n-channel silicon-gate MOS C%u“g&)‘ﬁ;g; R/_W" z 1]+ DouT DATA QUTPUT
process, and ideal for large-capacity memory systems where strose INPUT RAS—+[2] & [FeA¢
high speed, low power dissipation, and low costs are es- Ag—[5] ; 12)e A3
sential. The use of double-layer polysilicon process tech- ADDRESS INPUTS  {Ap—of5] 3 [Mlepg | ODRESS INPUTS
nology and single-transistor dynamic storage cells provide Ay—[7] G+ As
high circuit density at reduced costs, and the use of v b
dynamic circuitry including sense amplifiers assures low (12v) Voo 9 Vee (5V)
power dissipation. Multiplexed address input permits both a Outline 16P1 (M5K 4116P)
reduction in pins to the standard 16-pin package configura-
‘on 1n b e To-pin package contlg 16S1 (M5K 4116S)

tion and an increase in system densities.
Table 2 compares the M6K4116P, S 16 384-bit dynamic Fig. 2.1 Pin configuration (top view)

RAM with a 4096-bit static RAM.
Table 2.2 compares that the requirements of the two
RAM types when a 16K-byte memory system is construct-
ed.

Table 2.1 Comparison of the 16,384 bit dynamic RAM

and 4K static RAM Table 2.2 Requirements for a 16K-byte memory system

Number Over-all | Relative | Relative
Device 16K dynamic RAM (Note 1) Device | ¢ pamg| Voltege { Current | ler | power | size
Characteristics 4K static RAM
-bi
Total power 462mW max 440mW max 4K-oit 32 5V |@2.56A | 12.8W 1 1
Power/bit 28.2uW 107.4uW stanbc RAM
-brt
Speed ta=150ns ta=200ns 16K-bi 5V *
Power x speed/bit 4.23pJ 21.5pJ dynamic 8 12V [@0.28A | 3.37W | 0.26 { 0.25
RAM —5V j@2mA

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.

% Current from Vcc is neglected because Vec is only connected to output buffer

Fig. 2.2 Block diagram

DATA INPUT Oin (2 —
READ/WRITE INPUT R/W (3 INPUT
COLUMN ADDRESS o o ) D LATCH (8) Voo (12v)
STROBE INPUT
ROW: ADDRESS FAS (3 —{CLOCK GENERATOR cmcuwl (9) Vee (5V)
STROBE INPUT T T @©® Vss (V)
1 —
~|  COLUMN DECODER ] D Ves (—5V)
| — o contRoL ciRcuT |
L 1 |
Ao (5) - 8192-8IT RAM
A (1) B i (64 ROWS x 128 COLUMNS)
Az (8) 281 g
ADDRESS INPUTS < A3 Sa %— ] ¢ 128 SENSE AMPLIFIER OUTPUT
" 8 2l g DULFER 14) Dour DATA OUTRUT
oS358 8 §192-BIT RAM
5 (D €< (64 ROWS x 128 COLUMNS)
Ag @ ‘
»——l 170 CONTROL cmcwﬂ
—— 1
I ————[ COLUMN DECODER I
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FUNCTION Table 2.3 Input conditions for each mode
In addition to normal read, write, and read-modify-write Input Qupu]
. o-
tions, the M5K4116P, S provide a number of other Operation| — [ — Row [Colum Remarks
opera' ons, ,_p peration| =35 | eas [ R/w Din R Douyt|fresh
functions, e.g., page-mode, RAS-only refresh, and delayed- address|address|
write. The input conditions for each are shown in Table 2.3 Read ACT | ACT |NAC|DNCAPD |APD [VLDIYES |page
i . o Write ACT | ACT |ACT|VLD|APD|APD|OPN| YES| 1% cal
If you interchange address pins as shown in Fig. 2.3, you - - except
i . T 1
can get a sequential location map for the 16,384 memory mondify AGT | AGT | ACT | VLD|APD|APD |VLD|YES | {g*"
WII
bits. RAS-only
ACT [NAC |[DNG|DNC|APD|DNC|OPN|YES
refresh
Standby | NAC |DNC |[DNC|{DNC|DNC|DNC|0OPN| NO

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

ROW DECODER
—] ——
SEQUENTIAL SPEC AD- ApA3A AgAsA | Ag P
'ADD COUNTER DRESS PIN olojolololo]t ea I 16319
Joutrut | ololo|o]o]ofo] o 16256
R4 < ojojojo|o|1 o
i A olololofof1}]s
5o 6 1lofolojofoin
Ay " Qzﬁr’;:‘a§ 8192-BIT MEMORY ARRAY L
of1]1fofr)1]o0
P2 ofilafo]tf1 ] DATA
ROW 1{ryt{of1]o|
ADDRESS < 1A A ROW ADDRESS Trfrfojrfofo
j 4 11{1]oftr|t]o
Ay HRECIRRE L
—/F
As 128 MEMORY SENSE AMPLIFIER CIRCUITS
- Ao ApA3A4AgAs A A "
N < oflofof{1]ofof1
A olofof1]|ofo]o
D——>A6 oflofof1]oft]|o
Ay ofofof1{ofr(1
110jof1|ojof1
- Ay wd S==T T 8192-BIT MEMORY ARRAY P
COLUMN of1{vfsfif1]o -
ADDRESS { [Ai———————A4 } column aDDRESS HHNHENE DATA
-A > rf1]r]1]o]e
i As alii|1]1]o] 63 16320
A12 AS L HRIRIRIARRERE BT 16383
A Agl01 1001100110 \ 1011001100110
-— ——>Ao | AJoo1i100110011  \ 1001100110011
~ Asl000000000000 W\ 1 111111111111
16256 COLUMN | 8
. MEMORY DE%ODER Agf0o0000000000 T 111111113117
16319 LOCATION FOR Agfoo0o0o000001 111 loooootr 111111
THE OUTPUT A[00D0000000000 T T 11117171111
16320 | OF SEQUENTIAL Af0p001 1110000 01 11100001 111
ADD COUNTER.
16383 h 7 g

Fig. 2.3 Method for converting sequential address  Fig. 2.4 M5K4116P, S memory map
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N-CHANNEL DOUBLE-LAYER POLY SILICON GATE
MOS PROCESS

In order to fabricate the M5K 4116P, S series, single tran-
sistor memory cells and the N-channel double-layer poly-
silicon gate MOS process are used. There is no diffusion
area between switching transistor Q and the data-storage

memory capacitor because of the use of the double poly-
silicon gate MOS process, so that the memory cell area is
reduced by 75% from that of the previous process.

WORD LINE

DATA LINE

POLYSILICON

Si0p

p-SUBSTRATE

\
\  DATA LINE

WORD LINE

ZNDYS
POLYSILICON 1T
POLYSILICON

Si0;

p-SUBSTRATE

WORD LINE

O Vop

DATA LINE

I

Fig. 2.5 Memory cell structure
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PHOTO RESIST

)
[

FIELD DOPING (BORON) SigNy
bt b =
MASK 1
1 ) L
T P T
—
—_—

J—sio,

1ST GATE POLYSILICON

— D
: / S

/ (1ST GATE)

1ST GATE OXIDE
J‘: p_
Si0 (1ST GATE) POLYSILIEON

Deposit silicon nitride (SisNg) 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.

MASK 2 Define 1st polysilicon gate using MASK 2.
L
T P T
=
g SiOz (2ND GATE)  n* MASK 3 Define 2nd polysilicon gate and diffuse phosphorus N*
dopant for source and drain.
CVD Si0;
Deposit oxide and define aluminum contact with MASKs 4
MASKs 4,5
and 5.
J- - o0
T d ]
ALUMINUM PASSIVATION
/ OXIDE
i - MASK 6 Deposit aluminum and define bonding pad metal inter-
T ﬂ_l-?\._ connect with MASK 6.
SN ot
A1 B L Deposit passivation oxide and define bonding pad openings
T _ d T MASK7  with MASK 7.
Fig. 2.6 Water manufacturing process
MITSUBISHI
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SUMMARY OF OPERATIONS

Addressing

To select one of the 16 384 memory cells in the M5K
4116P, S, the 14-bit address signal must be multiplexed in-
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.

Table 2.4 Maximum multiplex time

Type number tmux | td(ras-cas)| th(ras-ra) |tsu(ca-cas)
M5K4116P, S-2 35ns 50ns 20 ns —10ns
M5K4116P, S-3 45ns 65ns 25ns —10ns
M5K4116P, S-4 55 ns 85ns 35ns —10ns

Note 3 : t1 =bns

2. The delay time t3(ras-cas) 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.

TMux
XROW \ - COLUMN
ADDRESS ADDRESS ‘( DON'T CARE X ADDRESS X
th(ras-RA tsu(ca-cas
( ) u( )
CAS '\
td(ras-cas) — i1 “_—IT
Ld(RAS-CAS)

Fig. 2.7 Address multiplex

1. The delay time from RAS to CAS tgq(pas.cas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited until almost tg(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)-tr-th(Ras-rA)-tsu(ca-cAs)

... EQ. 1

In the next conditions, the multiplex time (tyux) is
maximized.

ta(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 t,(gas)maXx -

DELAY TIME MIN. MAX
td(ras-cas)

READ ACCESS TIME MAX. ta(RAS)

Fig. 2.8 Read access time vs delay time

Data Input

Data to be written into 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

DATA VALID

HIGH IMPEDANCE 4
N

la(ras)

Fig. 2.9 Read cycle
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The output of the M6K4116P, 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 wili
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 10us).

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

RAS \

tsu(cas-wr)min

e
—

:
(2]
o~

td(cas-wrymin, h(WR-RAS)MIn
d(RAS-WR)mMiIn th(wR-CAS)min

NN/

READ-WRITE

READ-MODIFY-
EARLY WRITE peLAvED write | WRITE
Fig. 2.10 Write cycle
Table 2.5 Output state in write cycle
Operation mode Qutput state

Early wiite High impedance
Read-write, read-modify-write Data valid
Others Unspecified

These output conditions of the MK 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 1/0 Operation

If alt write operations are performed in the early-write
mode, input and output can be connected directly to give a
common 1/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. :

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. In this
case, the RAS must be applied 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 operatiné
power.
Power Dissipation
Most of the circuitry in the M5K 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 MBK 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 Ippsg (stand-by current of Vpp) and the
(stand-by current of Vpg) are calculated by the following
equations.

1. RAS/CAS refresh

Iobse=lppi(av) X128 xg——=— "+

tc(REF)}
|DD2 X{1-‘(128 xtC(REF))}

lgese=IBB1(AV) x{128x +

tC(REF)

IBBzx{I (128 x )} ..Eq.3

m
Assuming that t¢=375ns, |pp1(av)=35mA,
18B1(AV)=200UA, Ipp2=1.5mA,

1882=100pA, tc(reF)=2 ms,

we can obtain following results:

lopsg =35mA x 0.024 + 1.5mA x 0.976=2.3mA
1gese=200uA x 0.024 + 100uA x 0.976=102uA

MITSUBISHI
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20}
Ta=25TC
15} Vpp=13.2V
Vpa= —4.5V
« RAS, CAS CYCLING
2 10} to(rp) = lo(wr)
=] =375ns
= N=50(5 LOTS)
5 -
0 " | 1 L |
23 25 27 29 31 33 35
AVERAGE Ipp (mA)

20}
sk [ ] Vop=13.2V
Vgg= —4.5V
. RAS =V
o Ta=25C
= 101 N=50(5 LOTS)
z
sk
ol

I I
0.6 0.7 0.8 0.9 "’ 1.5

STAND-BY Ipp (mA)

Fig. 2.11 Distribution of average Ipp

2. RAS-only refresh

Ibose=lpp3(av) X 128Xtc(REF }+

Ioo2 X{1—(128 XTC(REF) }
'Bass=|ssa(Av)X{128 Tc(REF)}+

log2 x{1—(128 xt—é(lﬁce—m)}"” Eq.5

Assuming that Ipps (av)=27mA, Iga3(av)=200uA,
we obtain the following results:
Ippse=27mA x 0.024 + 1.5mA x 0.0976=2.1mA
lggss =200uA x 0.024 + 100uA x 0.0976=102uA
Stand-by current is about 2.1mA. 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

Fig. 2.12 Distribution of stand-by lpp

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 Vgg supply be applied first and removed last. Vgg
should never be more positive than Vgg when power is ap-
plied to Vpp. Generally, when Vpp is applied and Vgg
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.

Device #1 #2 #3 #4 .
Condition lob1(av) |bD2 IbD1(AV) lop2 ‘oD 1(AV) lob2 lob1(av) Ipp2 ot
Vgg= —5V 25.3 0.7 26.0 0.73 25.9 0.69 24.9 0.72 mA
Vg =0V 28.0 0.76 28.8 0.78 28.7 0.74 27.6 0.76 mA
Change +% +10.7 +7.0 +10.8 +6.8 +10.8 +7.2 +10.8 +5.6 %
MITSUBISHI
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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.

a

1

HE
HE

WORD LINE

i
-
1H

L
HH

Fig. 2.13 Single-transistor memory bit cell

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 C,. The stored data is
retained even if transistor Q; 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 1nA leakage current discharging a 1pF
capacitor results in a voltage change of 1V per ms. The stor-
age time of M6K4116P, 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.

10000

5000\

4000
3000

2000

1000

500 N
400 N\

300
200

STORAGE TIME (ms)

100

0 10 20 30 40 50 60 70

AMBIENT TEMPERATURE  (C)

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 address onto the
dynamic memory row address inputs.

Refresh Techniques

In most memory systems 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.

2 MS MAX

T
i N

I NORMAL MEMORY CYCLE

L

REFRESH CYCLE
(128 CYCLES)

(a) Burst refresh mode
2 MS MAX.

15.6 fts MAX
e
¢ {

\ )
) l |
(1ST) (2ND) [(128TH)

NORMAL MEMORY NEXT MEMORY
CYCLE CYCLE

(b) Cycle steal refresh mode
SINGLE MEMORY CYCLE

SINGLE
REFRESH

T
L

SINGLE REFRESH

SINGLE MEMORY ACCESS

(c) Invisible refresh mode

Fig. 2.15 Refresh techniques

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 refresh
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 us (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.

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~ADRB) or column address
(ADR7~ADRD) is multiplexed by MPXCNT and CPU
ADREN. In the refresh cycle, the refresh address is present
at MAO~MAGB, 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,

REFRESH | REFRQ CPU ADREN
TIMER MEMORY REN
ACCESS |REEAD
CLEAR CPURG } areITOR | MEM CYCLE
ADDRESS
DECODER
REFRESH MAO~MAB
ADDRESS
COUNTER
F COUNT UP
AO~AG6
MICRO- REF COMP
PROCESSOR _ DYNAMIC
SYSTEM - RAS RAM
MEMORY RAS
TIMING |—]DRIVER CAS ARRAY
LOGIC  |—] RW
MWRC DI DO
MPXCNT
{ b3 DATASTB
ADRO~ADR6 LATCH
ADR7~ADRD MULT!.
PLEXER 7 I
DATO~DAT?
Fig. 2.16 Memory controller block diagram
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|
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B of
ADR7~ADRD _Note (2) 7 N
MAO~6
v V] N cl>
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Fig. 2.17 Refresh controller logic
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Fig. 2.18 Example of memory timing
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Fig. 2.19 Design example of microprocessor interface
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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 Ipp, 1gg and lgg 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 0.1uF ceramic
capacitor be connected between Vpp and Vgg at every
other device in the memory array. It is also recommended
that a 0.1uF ceramic capacitor be connected between Vg
and Vgg at every other device in the array, preferably the
devices alternate to the Vpp decoupling. Decoupling of the
V¢c 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 ~5uF tantalum or equivalent capacitor be con-
nected between Vpp and Vgg adjacent to the array for
each group of 16 memory devices. Use of a slightly smaller-
value bulk capacitor is also recommended between Vgg and

Ves

Vee —
_~ Voo

Vss

Vee

(- 1 ' : "1!‘
VooVesVee VssVes Voo Vss
Note 7 : The dotted lines show the soldered side of the P.C. board.

Fig. 2.20 Suggested power grid for M5K41116P, S
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Fig. 2.2 Effective capacitor placement
for the M5K4116P, S

Signal Lines Effects

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

Vss. An example of capacitor placement is shown in Fig.  between the driver’s source impedance and the character-
2.21. 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.

MITSUBISHI
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3. 64K-BIT DYNAMIC RAM

3.1 Technology

Since the introduction of the IK 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-leve!
n-channel polysilicon gate process and one-transistor cell
structure used in the triple power supply 16K RAM
(M5K4116 P/S) 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 3.0um, 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 AIWORD LINE POLY Si 1

5

\
/ ; £

N o
| | Hi-C REGION R
= [ =

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

Table 3.1 Main Parameters

Substrate Bias Circuit

In order to facilitate the operation from a single 5V supply,

the MbK4164S makes use of an on-chip substarate bias

circuit. This bias circuit consists of a ring oscillator, driver
circuit, charge pump circuit, and decoupling capacitors. The
circuit supplies a bias to the substrate of approximately

-3.5V for V=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 (V1) modulation due
to a bias substrate is reduced, resulting in increased
circuit operating speed and stability.

CHARGE
PUMP CIRCUIT

RING 'J-_l
] M SUBSTRATE
OS%C\)LRLA DRIVER 1t BIAS
DECOUPLING
I CAPACITOR
. A——

Fig. 3.2 Substrate bias circuit

As shown in Fig. 3.3, the substrate bias for high values of
Vcc 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 V,_ min of —2V.

Reduced Power Consumption and Noise
For operation from a 5V supply, it is necessary to reduce
the transistor threshold voltage, V1. 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 Vg, while those requiring noise
immunity are implemented with transistors having a high
value of V. This scheme insures stable operation.

To lower the peak circuit current, a significant problem

Parameter 16K RAM 64K RAM in memory system design, .and.prowde f.or h.lgh speed opera-
tion, the ratioless driver circuit shown in Fig. 3.4 was used.
Memory cell area 350um?2 200um? . . . . . . .
With this circuit, the current flowing in transistors Q,;
i 16. 2 .3mm2 . . .
Chip area 3mm 31.3mm and Q, for changes in the output waveform is practically
Effective channel length 4um 2pm zero.
Gate oxide thickness 850A 4304
Diffused layer depth 1.0um 0.5um
Diffused layer with 4.0um 3.0um
Aluminum width 4.0um 3.0um

ELECTRIC
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SUPPLY VOLTAGE Vgg (V)

Fig. 3.3 Substrate bias vs supply voltage
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0
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Fig. 3.4 Driver circuit (1) la1a2

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 IC package and decay. These particles cause the
formation of electron-hole pairs in the substrate which
collect on the surface and can destroy data.

All floating nodes of dynamic circuits are susceptible to
such radiation 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.

15—22
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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 V¢ 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 Vg + Vi 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 Vg,
as well as increased power consumption, To eliminate these
problems a circuit design such as that shown in Fig. 3.6 is
used. The transistor Q, is kept off until the word line
voltage reaches Vcc. This has the word line charge
capacity. C, is then charged by means of transistor Q3 after
which Q, is turned on to connect the word line and C,.
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%.

- "

| ! #wL WORD LINE
|

i |

1 |

I WORD LINEi Ve

| SIGNAL |

GENERATION Voo —[Q+

L_CIRCUIT_ ] Q3

DELAY CIRCUIT

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 Cg. 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

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,

108 | 241 Am8.4uCl RADIATION SOURCE
DISTANCE TO SAMPLE: 5mm
CYCLE TIME: 1ps

105

® NORMAL
O Hi-C CELL

1031

ERROR BIT/TIME

Ve (V)

Fig. 3.7 Soft error rate dependency on supply voltage {(V¢c)

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, 92, and ¢3 plays an important role in this amplifiers
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 ¢, applied so that the minute potential
difference is amplified. Next, ¢, is applied and amplified at
high speed. By careful adjustment of the timing of the three
contro! signals ¢;, ¢, and ¢;, detection of potential
differences as low as 30mV can be achieved without
sacrificing speed in this sense amplifier circuit.

MITSUBISHI
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WORD LINE WORD LINE
/—A‘_ﬁ /__H
8IT LINE

MEMORY CELL

SENSE AMPLIFIER MEMORY CELL

Fig. 3.8 Sense amplifier circuit

128 Refresh Method

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, Q, read from the memory
cell determines the voltage change AV by the following
relationship.

AV ~Q/Cg (for Cg ) Cg)

where Cg is the bit line and Cg is the memory cell
capacitance.
From this relationship it is seen that to make AV large Cg
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 op
3 E 266 SENSE AMPLIFIERS :é
EE § 64x256 MEMORY CELLS Eg
288 g5
22|z 256 COLUMN DECODERS 2
§‘§ £ 64x256 MEMORY CELLS 33
Qul g 756 SENSE AMPLIFIERS §§
64x256 MEMORY CELLS =
256 COLUMN DECODERS

Fig. 3.9 M5K4164S Chip arrangement

Chip Coating

In addition to circuit and device structure improvements
aimed at reducing soft errors, the design goal of 107%/
(device hours) required further improvements. The effective
range of travel of 5MeV alpha particles in organic resin is a
quite short 30~50um, enabling almost all alpha particles to
be shut out by coating the silicon chip surface with such a
resin to a thickness of about 40um.

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?+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 40um 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 /{device hours) for soft error has
been achieved.

MITSUBISHI

15—24

ELECTRIC



MITSUBISHI LSIs

64K-BIT DYNAMIC RAM

(M5K4164S, M5K4164NS)

3.2 Functional Description

Introduction

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.
This section presents a functional description of the

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

Memory Cell
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.

Because leakage current would result in the stored charge
of the cell being reduced with time, the data must be

memory system. refreshed within 2ms,

Block Diagram

Fig. 3.10 shows the block diagram of the M5K4164S. To BIT LINE

preserve the refresh cycle used for 16k dynamic RAM WORD LINE
devices, two 32k (two 32k [128 rows (refresh address) x _L

256 columns] blocks were arranged one on top of the 0

other.

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

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

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.

1—05

Fig. 3.11 Memory cell
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Fig. 3.10 Block diagram
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Clock Timing

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.

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.

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.

FOR REFRESH CONTROLLER CIRCUIT
NORMAL CYCLE TO “1”

#RAS
ACTIVE
$RAS
RAS PRECHARGE
DELAY CIRCUIT
#cas
——————— ACTIVE
$TAS
- —l >0 PRECHARG
CAS o0— E

$op
b OUTPUT DISABLE

Fig. 3.12 Internal clock generator of RAS and CAS

tw(RASL) tw (RASH)
=== VIH \ 1 \
RAS ViL 7 \g____________
td (RAS-CAS) th(CAS-RAS) tw{CASH)
— Vi X
CAS v, \ [ N\
tw(cAsL)
th(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 dcas Phase is prevented by the delay phase ¢,
from approaching tq(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
ta(ras-cas) Without affecting access time [t,(ras)]-

For gated CAS operation, if the generation of internal
clock phase ¢cag is delayed, the effective pulse width of
¢cas is reduced. For this reason, the rising edge of CASis
specified by t, (g as-cas) Which is reference to RAS rather
that t, (casy). This applies to the column address, W and D
inputs hold time as well.

As shown by the dotted line in Fig. 3.14, if CAS falls to
a low level after tyras-cas) mMax, the ¢cas Pphase is
generated upon the falling edge of CAS.

The minimum and maximum values of tyras-cas).
the delay time RAS to CAS, are specified for the
M5K4164S. Operation within the ty(gras-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.

1d (RAS-CAS)Max
td(RAS-CAS) Min
—  V
RAS i
L th(RAS-CAS)
— Vin -
CAS Vi X _%. —7
/
— - l/
4] /
CAS INHIBIT T
| )
#cas L.
INTERNAL CAS > .

{2) CAS Rising Edge Timing (Fig. 3.15)

As shown in Fig. 3.15, the internally generated CAS circuit
precharge signal ¢gas 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, dzas 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,
¢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 puise width for clear is
tw(cAasH)-

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
twicasL) butth(cas-ras)- Consideration should be given
to this point in system design.

2

ViH T\ p — \
ViL 3

th(cas-Ras) | }

ViH
CA
Vi

OUTPUT
DISABLE
#c

AS
INTERNAL
CAS

Fig. 3.14 The timing relationship of RAS and CAS falling

edges to internal clock signals (gated CAS operation)

Fig. 3.15 Relationship of RAS and CAS rising edges to
internal clock timing
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Address Timing

Addressing of any one of the 65,536 memory cells of the
M5K4164S requires the internal fatching of two 8-bit
multiplexed address (A, to A;) 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.

N Ve T Y
RAS Vil
tsu(rA-RAS)[| th(RAS-RA)
Ao~ A7 \\;:': Row ADDRESS  X//////////)

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.
The setup time t,, (ca-cas) and the hold time t,(cas-ca)
are specified with the falling edge of CAS as a reference,
while the hold time t,,(g as-ca) is specified with the falling
edge of RAS as a reference point.

th(nas-ca)

cAs i

tsu(CA-CAS) Ltn(CAs-CA)
~ ViH ow
Ao pe NI/ S

[ coLumnN_ADDREss X////// /7,
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 tq(ras.cas) is set
between the specified minimum and maximum values, the
time from RAS, t,(ras.ca) and time from CAS,
th(cAs-ca) Must both be satisfied as the column address
hold time. This applies to both the W and D signals to be
described later.

The time required to switch from row address to column
address is referred to as the multiplex time (tyux). This

timing is shown in Fig. 3.18.

RAS yH
L
td(RAS-CAS)
GAS VH
CAS ViL [ ]
th(ras-RA) TmMuUxX Su{CA-CAS)

Ap~ Vin ROW COLUMN
A7 ViL ADDRESS DDRESS,

Fig. 3.18 Address multiplex timing

The multiplex time tnhux is given by the following
expression:

tmux = ta(RAs-cAs) — tT — th(ras-RA) — tu(ca-cas) (1)

As long as the access time, t,gas) from RAS does not
exceed the maximum value, the following expression
determines the maximurn value of t,,x is achieved by the
following conditions.

ta(rAs-cAS) = maximum

ta(RAs-RA) = Minimum

taw(ca-cas) = minimum
Table 3.2 shows actual values of t,,,x maximum for ty =
5ns.

Table 3.2 Maximum Muiltiplex Time

Parameter
) tmux max |td (Ras-cas)| th (RAS-RA) | tsu (CA-CAS)
Device
MSKMB{?S 55ns 75ns 20ns — 5ns
M5K41 6'3820 75ns 100ns 25ns — 5ns

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 ¥:E 'Y 7 \ —
td(RAS-CAS) tw(CASH)
A5 VH y
A ‘ %
¢ ViL / th(cas-R)
tsu(R-cAS)
th(RAS-R)
o VIH X
W WL
ta(cas) 1dis (CAS)
0 VoH VALID DATA
Voo ta(ras)

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 ty(gas) and the CAS access time tacas)
respectively.

The RAS access time depends on the RAS to CAS delay
time, ty(ras-cas)- The relationship for the t;gas) and
ty(ras-cas) is shown in Fig. 3.19.

As can be seen from this figure, by setting ty(gas-cas)
before ty for gated CAS operation, t,(ras) does not
depend on the value of ty(ras-cas) and is constant.

For tyras-cas) set after ty, ty(ras) depends upon
the value of tyras-cas). For this condition, t,(gas) is
given by the following expression.

ta(ras) = la(ras-cas) t 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 —
INTERNAL TAS

!
7/GENERAT|0N
i
]
1
)

1

min td max

td(RAs-CAS)

Fig. 3.20 Dependency of t3(RAS) ON ty(RAS-CAS)

taras) S ta(RAS-CAS) max + tycag) Max .. (3)

In equation (3), for a value of ty(ras-cas) greater than
the maximum value, t,(gas) 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 (tgis(cas))- This time, tyis(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
Von and Vg

The read cycle parameters th(cas—r) and th(ras-R)
determine the read cycle ending time. Operation is guaran-
teed if either of these parameters are satisfied.

Write Cycle

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

(1) Early Write Cycle

Fig. 3.21 lllustrates the timing relationship for this cycle.

This cycle is selected for applications such as |/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 causing the W input to fall
before CAS.

The W and D inputs are latched by CAS, then the
writing of data is executed, the W and D input timing para-
meters ty,(w.cas), tsu(p-cas), thicasw). and th(casp)
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 tg,(w-cas). This parameter is
specified as minus 10ns, minimum.

The significance of this is that W input may occur
anytime within after 10ns of the falling ege CAS.

However, should the W input falling edge occur after
CAS, the rising edge of W is determined not by th(c as-w);
but by tw(w). ‘

The other point for consideration is setting
ty(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 W and D input,
th(ras—w) and ty(g as-p) and time from CAS, thcas-w)
and t,(cas-p) both must be satisfied.

MITSUBISHI

ELECTRIC

15—29



MITSUBISHI LSIs

64K-BIT DYNAMIC RAM

(M5K4164S, M5K4164NS)

w Ty /N
th(RAS-W)
o i S
tsu(w-cas) th(cas-w)
tww)
LAY LA S,
tsu(p-cas) th(cas-D)
D x:: 0{ VALID DATA :[(/ /
th(RAS-D)
Q \égt HIGH IMPEDANCE

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
ta(rAas-w) Min and tycas.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

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 tu(p-w) and hold time
thiw-p)-

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 t,(w.cas) and both of these
must be satisfied.

ViH \

s N

e TR N I
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e ) S—
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(3} Read Modify Write Cycle

This cycle is used in applications such as ECC (see section
on ECC) on which memory cell data is read and verified for
correctness, the correct data being written into the cell if an
error is detected. Fig. 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.

tcrRmw Min = tyras) Max + tyop + thw-Rras) Min

In equation (4), tyop is the time required for incorrect
data to be rewritten correctly, and is a function of system
design. In the device specifications tcrmw min is specified
for tmop = 0.

As previously described, 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.

RAS ::: X

. T \ I

o T e X

Q 323 d VALID DATA >—
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Page Mode Timing
Page mode operation is successive memory operations at
multiple column locations within the same row address.

As with normal operation, page mode operation can be
carried out in the read, early write, read write or read
modify write modes. The timing parameters particular to
the page mode of operation are shown in Fig. 3.23. The
other parameters are the same as for normal cycles.

tw(RASL)

[P

Y
RAS v,'['—\L
CAS | \__/

—

(CASH) th(CAS-RAS)

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 10us. The high-level CAS pulse
width, tw(caswH) 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 ty(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,

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.

)

oxs LTI,
Q xgt HIGH-IMPEDANCE STATE

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.

m T T 1 R
o z:: Lsu(RA-RAS) 4/‘_
/) T )@ﬁiﬁéﬁi@? ) Y
o v T h«?;)/////////////g({{s{ 71111
R ¢

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-

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.

(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.

TIMER
CONTROL
SIGNAL
REFRESH
REQUEST
CONTROL
— REFRESH CONTROL | SiGNAL REFRESH ADDRESS dw
O
CIRCUIT COUNTER
—] COUNT UP
SIGNAL
MULTIPLEX SIGNAL
REFRESH
ADDRESS
(7B —=]  REFRESH ADDRESS
MULTI-PLEXER
Ag~Ag ©
REFRESH COMPLETED SIGNAL
INTERNAL I
RAS SIGNAL
RAS CONTROL
AAS o SIGNAL GENERATOR
TAS
INHIBIT .
SIGNAL TAS CONTROL
CAS o SIGNAL GENERATOR

Fig. 3.27 Refresh circuit block diagram
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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 @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 16us, counting up in synchronous to
the refresh request signal REFREQ (described afterwards).
A complete cycle and return to the original state requiring
that the REF input be held low for 16us 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, Qy to Qg
(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.

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 Multipiexer
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 A, to Ag is input.

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

faL MUX MUX
H [ L ADDRESS
Ag © 1L /L BUFFER
Ao
[ | L | X Ko
[ 4 4
Ao >l A
| 1 !
E Y 'y K’
|
| [ [ 1
| ! | 1 ! i
| ! | | !
| : |
i i
A o> S e B I !
I s
LHE
Qolx Q1Z& Qs REFRESH ADDRESS
i]i MULTIPLEXER
pw — L—To Qo T Q1 —]Ts Qe
REFRESH ADDRESS
COUNTER
MUX To Qo T o Qs
Fig. 3.28 Refresh address counter and multiplexer circuits
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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 Q; turns on, Q, turns
off and the charge stored in C, passes through the
rectifying circuit C, and Q, to discharge upon the falling
- edge of the oscillator output signal. The charge for one
cycle of the oscillator output is proportional to the ratio of
the capacitance of C; and C,.

The ratio of C; to C, is chosen such that the voltage
across C, for an oscillator repetition period of 12 to 16us is
approximately equal to the threshold voltage of the next
gate. When the C, voltage reaches V4, the refresh request
signal REFREQ goes active, causing the RAM refresh
operation similar to the autoamtic refresh external signal
REF. When C, is charged by REFREQ, REFREQ goes
low, causing a repetition of the above described timer
operation.

As long as the REF signal is kept low, this operation will
automatically continue refreshing all memory cells every 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(r asH) after RAS goes high.

Shortly after the refresh cycle begins the internal RAS
signal begins to operate to strobe the refresh counter

Vee
Q2

! RECTIFIER
C\RCUIT

OSCILLA-
TOR

C1«C2

Fig. 3.29 Timer circuit block diagram

RAS 4 d I \—
RF ——\ —
TIMER _—-\’Jﬁ/\hj-\'—
REFREQ :':_/-\ ,'/-\

NERNAL TN\, N\, N\

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 not
necessary to use the REF input to determine the precharge
time greatly simplifying the timing design of REF.

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

{1} Multiple puise mode tw (RASH)
___ ViH— s \
RAS

viL— o/ \

td(RAS-REF) te (REF) tsu(REF-RAS)
td(REF-RAS)
_Iw(REFL) tw(REFL) P tw(REFL)

Vig — N // r \ /// 7/ M/
REF / /

ViL — Lw (ReFH) 1 2 X Z
{2} Single pulse mode tw (RASH)
____ Vin = 2 \
RAS / \

Vie = 1d (RAS-REF) _, Usu(REF -RAS)

td (REF-RAS)
. Tw(REFL)

ViH —
REF

Vie — 2

Fig. 3.31 Automatic refresh timing
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— ViH — - N
ras " 7 N
Vie = td (RAS-REF) td (REF-RAS)
1 tw(REFL)
ViH — /
REF Z
ViL — A
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 tyw (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 16us. 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 ty grer-ras) is required between setting
REF to high and RAS to low.

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

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 V.
min and V|4 max- (The pin 1 input leakage current for
VN = 6.5V is guaranteed to be below 10uA.)

(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 V., the terminal will be held
to a high level (V) when left open.

However, when the input is set low in order to perform
a refresh operation, a current flows from V.. to the
input terminal. This resistance is made a very high
value (approximately 3M£2) in order to guarantee the
specified leakage current of 10uA maximum for V y =
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.

Voo

Veerp ——I

>Vee +VTH

PULL-UP |
MOS

REF TERMINAL O— MA- 1
PROTECTIVE
STRAY RESISTANCE STRAY

CAPACITANCE 50092 CAPACITANCE
. 2pF 1 2pF

Fig. 3.33 REF input equivalent circuit
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3.3 M5K4164S Bit Map

Introduction

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.

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.

Address Decoder

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 A, (row) as the least significant bit and
A, {column) as the most significant bit, sequential binary
addresses will not address adjacent cells in order.

PIN 1
o
o
- 2] 16K MEMORY ARRAY |
o
Bn‘uoi’l 16K MEMORY ARRAY |
TUMN DECOD

%l 16K MEMORY ARRAY | £
o gﬂ

| 16k MEMORY ARRAY |

Fig. 3.34 Memory array location

ROW ADDRESS
—_
AT A5 A3 Al
A0 A4 A2 AB N
000000GO0GOC]|0 N
090000011 16384-BIT MEMORY
0000001 1|3 ’ ARRAY
0 0000O0OT1O0f2 DATA
< = :F
{k
256 SENSE AMPLIFIER CIRCUITS
"
01111100 16384-BIT MEMORY ARRAY
001111101 TATA
0111 1111|127
0111111 0(126 N
A7 [0 1 1 00 1 N 01100110
A6 |00 1 100 00110011
A1 |00 00 11 000061111
coLumn ) A2 |0 0 0 00 O 11111111
ADDRESS ) a3 o 0 0 00 0 11111111
A4 |00 0O OO 11111111
A5 |0 0 0000 111111 11
A0 [0 000 0O N 11111111
10000O0OO]|128 N
1000000 1
10000011 16384-BIT MEMORY ARRAY
10000010 DATA
E3 4 R
&
256 SENSE AMPLIFIER CIRCUITS
—t
T T =
65535
111111060 16384-BIT MEMORY ARRAY
65534
11111101 DATA 4
1111111 1|25
1111111 0|25
i
Fig. 3.35 Address decoder location
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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 Ag (row) is the least significant bit and
Ay (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.

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,

EEEE vworo Line

w1

w2 B

W3

ROWS

wa §

ws I

w6

W7 B
SENSE AMP.

corner of the array.

COLUMNS

The area represented here is physically located in the upper left hand

Fig. 3.36 Simplified internal bit topology
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Table 3.3 Address Coding
Column Row
(mMsB) (LSB)
Cell No Ag As Ay Az Az Ay Ag Ay A7 AgAg Aj Az Az Ay Ag
0 00 0 8 0 0 0 O 0 0 0 0 0 0 0 0
: 0 0 00 0 0 0 O 0 0 0 0 0 0 0 1
32767 001 1 1 1 1 1 1 | 11 1 1 1 1 11
65535 | 1 1 1 1 1 1 1t 1 | 1 1 1 1 1 1 1 1
Table 3.4 Data Polarity Arrangement
A7 A0 input Memory Qutput
cell
(row) (row} data data data
1 1 1
0
i 0 0
0
1 0 1
1
0 1 0
1 0 1
0
0 1 0
1
1 1 1
1
0 0 0

NN

Write

Operation

Read
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 0.1uF capacitor
value used with a 250ns cycle RAM, the spike voltage is
given by the following expression.

80mA
0.1uF

v=clfidt= x 50ns = 40mV
This yields an acceptable value of spike voltage.

It is recommended that ceramic capacitors with good
high frequency characteristics are used as the decoupling
capacitors in memory arrays. The decoupling capacitor is
connected between the memory V.. 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 V.. 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
distribution.

Fig. 3.38 (a) shows the lumped constant equivalent cir-
cuit for a PC board. Lg and Rg represent the PC board
inductance and resistance respectively. If we let the Lg and
Rg of a 10mil wide 2-ounce copper pattern be 10nH/inch
and 4mS2/inch, then the generated spike voltage is given by
the following expression.

Lg* pm = 10nH x " 5OnS

Rgl = 4m& x 80mA = 0.32mV

= 16mV

Since the effect of the series resistance Rg compared to
that of the series inductance is very small, it may be
neglected. The series resistance of Lg 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.

3 R =====_oc =8
S CAS
L
w
E 100
& 80
o« Iccg = X
3 (mA) 208 S :
>
)
g 100
] 80
Iss 60 A
(ma) 3 EEREFNE AN
OF e

50ns /DIVISION

TIME

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

Ls

Vee RAM

;

Fig. 3.38 (a) PC board trace equivalent circuit

R L4 R2 L2 R3 Ls

v C1 Cz ’ RAM

i

Rs=R1+R2 +R3

Lg=Li+Ll2+Lls

Fig. 3.38(b) PC board trace equivalent circuit with
decoupling capacitors
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GND V¢ GND Ve GND Ve GND Ve

Vee —
GND

gt 1ep— (Q1 16 ' e

Hj8 o H38 op 8 9p
Vee —
GND: - -

g 16p— 116 F—‘ dr 6 :—J

s op 8 op 8 op
Vcc————w— ————— L —-—
GND

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 51£2. 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.

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 MbK4164S 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)
upon setting RAF (pin 1) to low. This method is quite
similar to the RAS-only refresh with the refresh address

method, the M5K4164S provides REF (pin 1) automatic
refreshing, and self-refreshing. 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)
___ ViH— 4 \
RAS Vil — ; \
td (RAS-REF) to (REF) tsu (REF-RAS)
td (REF-RAS)
tw(REFL) . tw (REFL)
— ViH — A N 4
REF ViL — /
N Z tw(REFH) y.
Note: CAS, Address, D and W are dont cares.
. M5K4164S-15 MB5K4164S-20
Alternative — —
Symbol Parameter Symbol Limits Limits Unit
0
Min Max Min Max
tc (REF) Automatic Refresh Cycle Time trc 260 330 ns
tw (RASH) RAS high pulse width tRP 395 480 ns
td (RAS-REF) | Delay time, RAS to REF tRFD 100 120 ns
tw (REFL) REF low pulse width tep 80 | 8000 100 | 8000 ns
tw(REFH) REF high pulse width tF 135 150 ns
td (REF-RAS) | Delay time, REF to RAS tFSR 30 30 ns
tsu(REF-RAS)| REF pulse setup time before RAS teRD 295 360 ns
Fig. 3.40 Automatic Refresh Timing
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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-
cuitry. This consists of the row-address, column-address and

refresh address multiplexer and refresh address counter.
With automatic refresh, the dotted area shown in Fig. 3.41
may be eliminated.

ADR7 «
ROW 5 A S
4 28
w o
ADR 7 T
—_—_— g
COLUMN 0 k2 L
§ ]
ADR 3 B
2
ROM T A%
o] 9N o P
08
ADR 3 g
2 a
COLUMN : 82 |
0 s
ADDRESS
MULTIPLEX
]
3-STATE
REFRESH I coNTROL
CYCLE L0GIC —A
W
35 o « A7
et 14 o w AB
835 _F 5 ™
40 a E 2 o- 2 Ad
] g
B 52 p— & A3
2o O 8 A2
) w o— Al
<
- R A0
REFRESH
ADDRESS
INCREMENT

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

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

o T
A 5 WRASB (BANK 3)
81391 [ T ! E
S T
A16 A BE i
{Do—w——FAS0 8Nk 0)
REF CVCLE
RAS

$32
RASE (BANK 3)
A17 s | rd :
$139 ! !
b1 !
A6 A - —
P 1 { »———— RASO (BANKO)
RAS

Fig. 3.42 (a) RAS decoder in RAS-only refresh

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

START
ADDRESS y
AO~AB X REFRESH ADDRESS )\
RAS \ 4
ty 4

Fig. 3.43 (a) RAS-only refresh timing

REFRESH
CYCLE

START

REF \ ‘
3

Fig. 3.43 (b) Automatic refresh timing

For RAS-only, the controller disables the address multi-
plexer upon entering the memory cycle while it enables the
refresh counter output. Next, after a delay time of t;

(required because of the address buffer delay time and row
address setup time tg, (RA-RAS)), RAS is set to low. The
refresh cycle ends at the time t, 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 12~16us which enables all cells to be refreshed
within 2ms. The rising edge of REF terminates the refresh
operation and after one cycle (ty(rer-ras)) @ 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 low 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.

Vi —
RAS y, —
td (RAS-REF) td (REF-RAS)
. tw (REFL) |
—— VIH —
REF
Vie —
Note: Addresses, CAS, D and W are don’t care.
. M5K41643-15 M5K4164S-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
td (RAS-REF) | Delay time, RAS to REF tRFD 100 120 ns
tw (REFL) REF low pulse width trep 8000 o 8000 oo ns
td (REF-RAS) | Delay time, REF to RAS T FBR 295 360 ns
Fig. 3.44 Self-Refresh Timing
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RAM REQUEST .
* *
ADDRESS
ADDRESS
= MULTI-
4 PLEXER
[a4)
s
w
% MEMORY
9
w
« COMMAND —
o © W
« E DRIVER
3 2
a FQ —
w > 8 CAS
] g = DRIVER
o =
[e] w
« =
Q
s
Note 3
REF REF
P |—1{
RAS CONTROL DRIVER

DECODER

POWER OK

Note 1. EEEE block shows the device which should be backed up during power down.
2. * biock can be powered down using REF (PIN1)
3. During self-refresh, REF driver and controiler 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 M5K4164S 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 (i.e. reset, wait state, DMA, and cpu

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 (REFREQ) 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,

A0~ a7 ADDRESS MULTIPLEXER
ADDRESS BUS Nrow
! B
AQ~ A7
L——— 7
/ COLUMN M5K4164SX 8
A8 ~ AF S
MEMORY ARRAY
BOOT STRAP
<
ROM 64K Byte
Din
oata |,
DATA BUS <:> sus K Dour
AY —_— — — —
BUFFER RAS CAS W _ REF
cPU RAM i
INHIBIT =12
SERIAL OUT ROMINH =
LOGIC 2 MPXCNT
WR
WRITE COMMAND _ ‘
ADDRESS MEMORY
READ COMMAND RAMREQ RAMACK v NG
DECODER LoGiC
MEMORY CYCLE
MEMCYC
ARBITOR
CPU TIMING REFRESH REFREQ REFACK RTEIE/IFI(,\E‘éH
cLock COUNTER LOGIC
CPU READY
Fig. 3.46 Block diagram of the design example
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READY
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ouT
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10/M

CLOCK
ouT

{Note 2}

MULTIPLEXER
AF~ A8 ADDRESS BUS BOOTSTRAP EP-ROM LS157 % 2
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Enit el e P e | Ry s 0
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r 2 CAS
apo~Ap7 |1 I° A N 1 . f 1Y — "
DIR G 20 1,6 pol—0o) ) REF D
8 OECE ™ X Din &
s
T 8
D7 D6 D5 D4 D3 D2 D1 DO
N 8
CPURDY
CRIRREDY Lss112/2)
Y
@_ 537 "A'Y
ARBITOR -
RAMREQ
L5 RAMACK g MEMORY CYCLE
TIMING LOGIC
LS51(1/2)
REFACK
150ns
1 o MEMCYC
T2 o
“r REFTIM E T
208 S
B> Y '
P 24100
P
—| >0—]—| >o— pbFal
LS393
Q — —
T R Note 1. [ Jindicates the logic for REF function.
2. CPUCLK 3MHz MAX. Minimum frequency should
be selected not to exceed the refresh memory cycle.
{128 cycles within 2ms interval.)

Fig. 3.47 Design example of microprocessor interface (Ansynchronous)
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Ty T, Ts
CPU CLOCK | | l N 1 | (@ | | ]
i
RD OR WR S [
/ I
|
RAMREQ X <|
REFREQ Vo l‘ :
4 /
MEMCYC
RAMACK 1 !
]
{ \
REFACK / \
RAS / /
MPXCNT 50ns ] /
CAS 5ons=>1§ /
READ
w I WRITE
Qa
Qs
REF I l
NORMAL MEMORY CYCLE AUTOMATIC REFRESH CYCLE
(Note 1)
MEMORY CONTROLLER TIMING
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  from disk, for system initialization. In this example, the
memory system, is shown in the example. This is used to SOD (Serial Output Data) of the M5L8085AP is used to
load the initial program of a RAM-based system into RAM select either the bootstrap ROM or RAM as shown in Fig.

3.49.
RAM RAM RAM
FRFFe BOOTSTRAP BOOTSTRAP
| _PROGRAM | PROGRAM
ENABLE §’ ENABLE ENABLE
8000, §
ROM ROM ROM
7FFF 46
00004 I ENABLE I DISABLE o I ENABLE I DISABLE “ I DISABLE l ENABLE
c|
(a) After hard ware RESET Transfer Bootstrap program in the Inhibiting ROM by using the boot strap
(SOD = low) 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 In this manner refresh is performed synchronously with
timing for the synchronous refresh example. In this exam-  microprocessor operation, As mentioned previously, this
ple a Z80 microprocessor is used with synchronous refresh.  type of operation involves a variety of limitations which
As shown in Fig. 3.61, after the Z80 fetch instruction, the = must be considered carefully when designing such a system,
refresh operation is performed (T3 and T, state). (i.e. wait state, DMA, reset and CPU clock cycle)

~
D D D
Ls1672 07( oe(oosf 004{ 03{ DOZ{ 001(000(
A4~ AT A sy a7 &
3y A6 S
A12~ A5 B 2v AB
1y A4
v A3
A0~ A3 A 3 A2 EMORY ARRAY
2v Al M5K41645x 8 o
A8~ A1 ‘; BG Y AOQ 1S244
ADDRESS BUS RAS 1 oo
A15] AT5~ A0 ’; pas
g o
A0 6 . —_
z —IREF
g Din
o o
g o7 57 ~ D0 = D7 DGJ D5J 04} DSJ DZJ D1 Dg )
& 0o 8 DATA BUS
o
81
Ng ; ,—%
[1
S} —
s
(lla004]

CPU
CLOCK

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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CPU CLOCK I

¢ —

ADDRESS VALID REFRESH ADDRESS
A0~A15

- \ Ve M
_ _ \ -
. T /

- D

MPXCNT

A0~ A15

MEMORY CYCLE I : REFRESH CYCLE

Fig. 3.51 Op code fetch and refresh timing
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4. STATIC RAM

4.1 M58725P Technology

M58725P Features

The Mb58725P 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.

)
-
o
=3
T

POWER CONSUMPTION PER BIT
x ACCESS TIME (PJ

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
required to cancel the p-n junction leakage current, an
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{2), thereby also
resulting in a reduction in cell area.

Vee Vee
w 3 w w w
z T z Zz z
] - 3 o
= = =
o o o @
WORD LINE WORD LINE
M587256P MEMORY CELL CONVENTIONAL MEMORY CELL

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 *\
80

60 ‘ 7

40 l
20

oo (mA)

S

t  100ns/div.

Fig. 4.3 Power cutting feature
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OE Signal

The output enable signal OE controls 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 OE input low. If the setting
of OE is late, the access time will depend on the timing of
the falling edge of the OE signal. If it is sufficiently fast, the
access time will be determined by the time t; (A).

with the 8085, 8086 or similar microprocessors, the CPU
RD signal can be connected to the OE 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) illtistrates 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 t5 (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.

{a) READ CYCLE 1
te (R) |
Aog~A1g )(
\ ta (0E)
o€ W@ L2
ta(a)
‘ tv (A)

DQ ' /

(OUTPUTS)
S=L
W=H

(o) READ CYCLE 2
Ic(R)
° \ /
ta(s)
tpzx (s) tpxz (s)
Do >_.__
(OUTPUTS)
tepu tro
leet

lec
OE=L locz
W=

Fig. 4.4 Read cycle timing
MITSUBISHI
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Write Operations

Fig. 4.5 illustrates the timing relationships for write
operations, The data at the DQ 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 tg, (D) and ty
(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

be made simultaneous with or earlier than the falling edge
of the S signal. This will keep the DQ 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 tgy (A) or following ty.

(a) WRITE CYCLE 1 (W CONTROL MODE}

to(w)
SN A
tsu(s) ,
s IR
tsu (a) L tw(w) twr
W *___/F
OE (
——/ tsu (0E) - tsu(D) th (D)
7 i
(INPUTS) tonz (o) \
DQ SMONANNNANNNNNNNN
VTSI S /S S LS
(b} WRITE CYCLE 2 (S CONTROL MODE)
te (W)
S X
tsu(s) Twr
s \ [
w
\ /

tsu (D) th (D)
oo \
(INPUTS)

tpxz (W)
tpxz ()

DQ /<: :: : : : AV
{OUTPUTS) ‘C :! ﬁ ! : /
OE=L

Note. If the W falling edge is made earlier than the falling edge of S, the outputs
DQ will be held in the high-impedance state,

Fig. 4.5 Write cycle timing

MITSUBISHI
ELECTRIC

15—53



MITSUBISHI LSIs

STATIC RAM

(M58725P, M5L2114LP)

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

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.

MEMORY BLOCK ADDRESS BUS A0~ A9
DECODER OUTPUT
DECODER
OUTPUT _D .
DECODER | l 1
OUTPUT
TS AC ] CS A0 CS A0 | CS A0

WRITE MEMORY ~ A9 ~A9 ~ A9 ~A9
COMMAND QRW —rW ——=
READ MEMORY
COMMAND

G

< A Ls245 8K DATA BUS DO~ D7
DIR

Fig. 4.6 M5L2114 decoding example

ADDRESS —-< >'—_—
N
== \
CS \
\ Note.
RAM < \1 READ
RMW
WRITE
ta(CS)
ta({AD)
. __—\ /__
DATA Note: IfCS goes down in the dotted timing,
BUS the bus contention between RAM and
BUFFER WRITE bus buffer or microprocessor bus will
oceur.
bR \ READ /
Fig. 4.7 M5L2114L timing diagram
MITSUBISHI
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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,

1/0 loading

There is capacitive loading at each memory’s 1/0 pins and
signal path line of the print current board. If many
memories are used on a common bus, this ioading 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.

ADDRESS DECODER

MGEL2716 SELECT

MB8726P SELECT

LS138
Al15
Al4 3—0 £2 7P
Y - 3] &
A13 5
80B5A s c -
B v 4
an A 3P
2p
ALE E3 (1)
_ S O—
10/M —v E1
b YRR IEYEENeNEN
5 READ COMMAND L & P! 4
e OE CE
A5~ A8 < ADDRESS BUS A10
= A7 AO
2
AD7 A0 MB8725P or M5L2716K
ADO b Q
L§)3E73 Ui u2 u3 us4 us U6 u7 us
,‘;‘ D7
DATA BUS | 2
DO
Vee-or LR
’%\‘ ’,é\\ ,,é\‘ ‘,é\\ ,,é\‘ ’,é\‘ rg\| :’é‘.
N Address (Hex) [} 1 [ 1 H} | IR e
o) | ot 1o Vot ::l | ot ol ! { 1ol
U1 | 0000 ~ 07FF ||I€...;|..c-'|,l.
WRITE COMMAND "\$.r’lw1 l‘\?,:wz I‘\gx"wa I\?;”W‘l “\j/‘lw5 I‘\ "'WG I'\ ,’lw7 I‘\?,}WS
U2 | 0800~ 1FFF
JUMPER SWITCH TO SELECT RAM OR EP-ROM
U3 | 1000~ 17FF
U4} 1800~ 1FFF
US| 2000~ 27FF
U6 | 2800~ 2FFF |.
U7 | 3000~ 37FF
U8 | 3800~ 3FFF

Fig. 4.8 Mixed EPROM and RAM application
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5. CMOS STATIC RAM

5.1 M58981P 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 M58981P 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 M58981P 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
20mm?, packaged in an 18-pin DIL plastic package.

Memory Cell

The memory cell used in the M58981P 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 Ay v Ay select the address and when
the R/W signal goes low, the 1/0 data at that time is written
into memory. The write operation is performed during the
overlap time when CS and R/W are low. When the 1/0 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 Ag v Ag signals. When the
R/W signal goes high, the data from the specified address
appears at the 1/0 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 Vg 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 V.. to 2V or greater.
CS is made common with V¢ for (2V~2.2V power down)
or greater than 2.2V (power down greater than 2.2V) to
hold memory contents.

DATA LINE (D) Voo DATA LINE {Dj

il

GND

COLUMN DECODER
WORD LINE

Fig. 5.1 Memory cell circuit
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Fig. 5.2 Block diagram
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READ CYCLE
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Fig. 5.3 Timing diagram
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TYPICAL CHARACTERISTICS
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STANDBY SUPPLY CURRENT VS
SUPPLY VOLTAGE

w
w
<
—9 o R
in 3
N >
I
i
= >
- uwy © ~ 82
| i I | i
o o o o o
2 = e = e

(v) $99)

LN3"YND ATddNS AGANVLS

Vee (V)

SUPPLY VOLTAGE

Memory Map

Fig. 5.4 shows the M58981P memory map.
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Fig. 5.4 Memory map
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5.2 CMOS STATIC RAM APPLICATIONS

INTRODUCTION
Mitsubishi M5L 5101L P and M58981P are static RAMs that
are fabricated with a CMOS technology. The M5L5101LP
is organized as 256 words of 4 bits, and the M58981P is
organized as 1024 words of 4 bits. They are fully TTL-
compatible, and use only a single 5V supply voltage Vcc.
The purpose of this 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.

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 Vcc power source is
replaced by VgaT, as shown in Fig. 5.6.

BACK UP BACK-UP POWER ( VBAT) Ve Vour
POWER v
SOURCE SYSTEM POWER(Vee) SWITCH- BAC
1 CIRCUIT
REGULATOR
AC POWER > =
POWER. 2 SYSTEM BUS
INTERRUPT 8
2 Voo Voo VBac VBac
POWER-FAIL- & Al
Lhcur
. MEMORY
PROGRAM 110
ROM INTERFACE CMOS RAM INTEREACE
MEMORY PROTECT SIGNAL
170
DEVICE

Fig. 5.5 Non-volatile memory system

& NNN———f AN

LN

AC INPUT

Vee

RECTIFIED AC

COMP. QUT

NMI INTERRUPT

@ (Power fail)

SYSTEM RESET or MEMORY PROTECT f2

|

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 RAM:s.

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,

SECONDARY SIDE

VOLTAGE

@ TO SYSTEM POWER
Vee

REGULATOR

U1 MB1201L (COMPARATOR)

o
J a7y 22K
"

. ® - U2 18123
AC ; 91KZ 0.33u 339K
¥ 0.22 - ou t
i2v X t# 4 =2 1 H A ]
o 2'\\‘” 0 1
) 1.2k 3 |23 u2 o F wof ® vy,
(2} <
o
R
At 500% @
Lo SYSTEM RESET
z > OR MEMORY PROTECT
2500
d
239K

ty : Period with no AC power.
ty: Period of power fail operation (interrupt)

Fig.5.7 Power-fail-detect circuit

Power-Switching Circuit

The power-switching circuit replaces the main source
Ve by the back-up power source Vgat when Ve drops,
and replaces the Vgat by the Vcc when the V¢ 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 V¢c to be above the required
Vgac voltage by the amount of drop through the diode
(about 0.6~0.7V). 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.

D1
’% Veac
Vee [+ D2
SYSTEM
POWER
- BACK-UP
VBaT —— POWER SUPPLY

Fig. 5.8 Diode-coupled switching circuit

TR1 VBaC

D3

Vee

()
\_/+

T = Vaar

R2
TIT 717

Fig. 5.9 Transistor-coupled switching circuit
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TYPICAL APPLICATION CIRCUIT
An Example of M5L5101LP-1 Application
An example of a 1K-byte non-volatile M5L5101LP-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
Vce. Butitis better to watch the unregulated voltage (see
Fig. 5.7) to produce the memory-protect signal that pro-
tects RAMs at the time when V¢ 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.

M5L5101LP-1 x 8 1024-BYTE CMOS STATIC RAM ARRAY
cC VBAC
SYSTEM POWER *
[ [ +
Vee Voo TANTALUM
VBAT— Ni-Cd DO| Do 58
ADDRESS BUS 8 BATTERY|A0 DI Ao DI 4 BITS
Ao~ A7 § §
(A0 :LSB) A7 CS2—— A7CS2
cst cs1
0D R/W 0D R/W
MEMW  MEMORY WRITE ‘f ’ ? j
ME MR MEMORY READ
RAMI1 il ) I +
e Voo Voo TANTALUM
:E;ER/EASE o - ﬁé RAME Doj Bl *1 Do—l
) oS | RAM3 MSB
(A5 1 MsSB) | 2% Ay DI DI
<1 RAMA] 0 R N Ag ~ | 48s
o ~ § §
A7CS2 A1 CS2|
Cs1 Cs1
Voo 0D R/W 0D R/W
MEMORY- ’ ’
PROTECT it 1 7
CIRCUIT
Jowos YL B ]
PF%?GTEU%I 4001 4001 4001 4001
[
MEMORY
4001 8
ENABLE HAMJ 8 RAMZJ HAMCJ RAM4
DATA BUS Y,
Do—~D7 8
Fig. 5.10 Example of M5L5101LP
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An Example of M58981P

The M58981P is a CMOS RAM which is fully pin com-
patible with M5L2114LP is organized as 1024 words of 4
bits. The M58981P has two control inputs, CS and R/W.
The CS 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 M58981P is shown in
Fig.5.12.

SYSTEM 4 Vee
POWER /
(Vee) = ov
Vee
MEMORY

PROTECT

Fig.5.11 Power on-off timing (M58981P)

M58981P x 8 4K-BYTE CMOS RAM ARRAY
Voo
Ag~Ag 10 A‘U
I
4 A9|/0__\ -
m Veac
o ~{CS dcs cs —d
2 =" R/W R/W R/W
< T L == o)
a ™\ 81 T
] | A5~ A0 B @ .
33 : M os? TANTALUM
8 { —ess [
i | Ve Veo
: ™ CS4a Ao Ao
Flm pugli 5 — — !
[ Ag Ag
RAMOS — A CMOS GATE Yo — 1o
AREA SELECT (aom - (;S/W 3 CR§W C;?W - %/S/w
5
MEMW i T
5 > Ell Ccsz Ccs3 CSa
MEMR — y, . y, W,
DATA Cs
BUS 8 D7~Dg 060l 8 )
00
MEMORY-PROTECT PEN
CIRCUIT Voo Veac
Vce BUS BUFFER
M5L 8216P X 2 SYSTEM Ro
POWER- =
PROTECT = Rg : CHARGING
SIGNAL svcvllggﬂl‘r#e 1_ G © CHARGIN
Ni-Cd
BATTERY

Fig. 5.12 Example of M58981P

Other Recommendations

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.

. 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 0.01~0.1uF
monolithic-type capacitors and 2~5uF tantalum types
effectively.

3. When CMOS gates are used for decoding logic as shown
in Fig. 5.10 and Fig. 5.12, it should be carefully 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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Design example of *MULTI-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 *MULTIBUS

MEMORY PROTECT

MEMORY

PROTECT
MEMORY INHIBIT LOGIC

SECONDERY
POWER SUPPLY

HIGHER
BYTE

%
4 SEGMENT o
ADDRESS + ADDRESS  —= ADDRESS cs
DECODER CMOS RAM ARRAY
20 2 M58981P-45 x 32
——+—f RECEIVER + DECODER
2 cs
LOW/HIGH BYTE AO~A9 RW  1/0 1/0
4 ?2 LOWER w
BYTE & =
ADDRESS SELECT @ %
SWITCH o« o
w
T w
5 2
/ z S
10
8 8
DATA 16
16 BUS ) A J
BUFFER
DATA
8 BUS 8 W,
SWAP
BUFFER
MEMORY READ MEMORY MEMORY R/W CONTROL
TIMING

MEMORY WRITE

LOGIC

TRANSFER ACKNOWLEDGE

BUS CLOCK

Fig. 5.14 CMOS RAM Board Block Diagram

* MULTIBUS 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.

The injected charge is located on the floating gate
which is surrounded by a 1,000A 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.

LUM
SELECTIoN 4
L
GATE
ROW
DDRESS —4
SELECTION
GA
(a) 2K-BIT
/IIIIIII
n _|
e
1
—iL |
| S SO |
(b) 8K-BIT

I
L

(c) 16K-BIT AND ABOVE

Fig. 6.1 Memory transistor construction

= AFTER

BEFORE
PROGRAMMING PROGRAMMING

DRAIN CURRENT

GATE VOLTAGE

Fig. 6.2 Variation in memory transistor threshold
voltage (Vg o: 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
contro! gate, this is not true of devices of 16K-bit capacity
and greater. |t 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.

VH

Vpp=25V

Fig. 6.3 Dependency of Vi on write pulse width (16K-bit
and 32K-bit)
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. .
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Fig. 6.4 Variation in V1 with erasure time

A o H
w t
0 |
@ 5H ! MEMORY
z o X PECODER i CELL MATRIX
z 5H —
12 Z I ]
@ = F——
w
[oef
3|4 ] "
< w ¥ DECODER ! Y GATE CIRCUIT
!
E=l .
L I
CHIP ENABLE SENSE AMPLIFIER
o —| i
- OUTPUT BUFFER
OUTPUT ENABLE
S YIS
OE o
DoD
Vg o—> 0D1D2D3D4DsDeD7
GND o—> DATA INPUT/OUTPUT
Vpp 0—>

Fig. 6.5 EPROM Block diagram

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 Dy ~ D, connected to these eight blocks.
The address signals are divided into column decoder inputs
and row decoder inputs. For a 32K-bit EPROM, the Ay, ~
A; (four lines) address signals are input to the column
decoder while the A, ~ A, (eight lines) address signals are
input to the row decoder, the memory being arranged as a
matrix of 2% (=16) columns by 2® (=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
flowing and the generation of power supply noise. In
addition, data on the bus is unstable before and after
address changes. This condition is called ‘the bus conten-
tion problem’’ and can be eliminated by using the CE as the
chip enable and OE as the output enable signal in a two-line
control mode.

EPROM Operation, Characteristics, and Application Notes.
The basic operations possible with an EPROM are program-
ming, read, and erase. These operations will be discussed
with respect to 16K- and 32K-bit devices along with some
precautions for use. Table 1 summarizes a comparison of
the characteristics of EPROM devices currently available.

(1) Programming Operations

The normal state of all cells for an EPROM device when
shipped or after erasure is “1’, programming operations
change the memory cell contents to 0. 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.

OR-CONNECTED :”__
BUS e OFF

/s

N

Fig. 6.6 Fighting for an OR-connected bus

Table 6.1 Comparison of Available EPROM Devices

MEMORY 2K 3K 16K 32K
CARMITY | (256x8) | (1024x 8) | (2048x 8) | (4096%8)
TYPE | MBL1702AS | M5L2708K | M5L2716K | MSL2732K
CHANNEL
TYPE p n n n
CHIP AREA | 14.2mm?2 17.8mm?2 19.3mm?2 22.5mm?2
PSS | 1000 450 450 450
ns S ns
TIME (MAX) " ns
POWER
DISSIPATION|  600mW 800mW 525mW 787 mwW
DISTPATION  0.3mw 0. 1mW 0.03mwW 0.02mW
IS>ER Bl .3m Im .03m .02m
SUPPLY ~ ¥5, 5,
VoL | +5 oV | T3 +5V +5V

ADDRESS )(\ X
CE \
S—
tce
OE /
X i
toe
tacc
(450ns max)
DATA —
OUTPUT "FLOATING STATE N\

Fig. 6.7 Read timing diagram

(2) Read Operation

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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CHIP SELECT ACCESS TIME (ns)

5001

4001

300 /

2001

100k Voc=Vpp=5V
1 L !

1 1
20 40 60 80 100
TEMPERATURE (°C)

Fig. 6.8 2716 Chip select access time temperature

characteristics example

CHIP SELECT ACCESS TIME (ns)

500

400

300t /
2001

100k Vee= Vpp=5V

1 i 1 1 i
100 200 300 400 500
CL(pF)

Fig. 6.9 2716 Chip select access time load capacitance

dependency

(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 EPROMSs, 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.

100~
— 80
§
w
=
=
o 60F
w
w
<
o
w a0k GL-10 AT
DISTANCE OF 2.5cm
20t
1 1 i 1
50 100 150 200 250
PERIOD OF ULTRAVIOLET RADIATION (s)

Fig. 6.10 Erasure characteristics example for 2716 and
2732
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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

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 CE. 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.

256 X 4 bit FUSED-ROM
iy O <
1 |
A6 04 O 9
A5 !
10T~W—
as 0300~
A3
1nTW
Az 02[0—
Al o1z
AOE1 E2
8085A 13? 1
_ 20 20 20 20
10/M o L Vee
ALE CE CE CcE \9
As AQ 28
| ADDRESS BUS AD~A10 ! 27
A1lS T A0 M5L2716K 26
A12 2 ——
MICRO- ADDRESS AD—A7 ————>|A12 M5L.2732K
PROCESSOR LATCH | - 2 WVpp/an M5L2764K 14
ADO DO jr
§ ADO~AD7 !
AD7| X% D7
CE OE OE OE
fob READ COMMAND Q22 Q22 Q22 P22
%— Voo
——
i u EPROM wz
L 1o w1
Al L3__2__1_|, w1 TYPE 1 2
2716 | 1-2 | CLOSE | cLOSE
2732 2-3 OPEN | CLOSE
2764 | 2-3 | CLOSE | OPEN
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

bits are fed to a 256x4 bipotar PROM for address spatial
decoding. The PROM allows the address space to be re-
defined at any time so that various EPROMs can be used.
The jumpers W1 and W2 are used to define the type of
EPROM according to the table in Fig. 6.11. The address
map of the PROM is shown in Table 6.2.

2764 2764
2732 2716 \_/ 2716 2732
Vpp I 28 ) Veo
Az E 2 27 j PGM
Ay Aq A7 |:3(1) ./ (24)26:] Veo Vee NC
Ag Ag Ag O« (23)25[ ] Ag Ag As
Ag As As s (22)24[] As Ag Ag
Ay Aa Aq CJsw (2023[] Vep A Ar %
A As Az s (20)22[ ] OE OE /Vep OE *
A, Az Az [ HG a921[—] Ao Ao Ao
A, Aq Ay s ()20 ] TE CE CE
Aq Ag Ao Cocs) (ms[] D, D7 D7
Do Do Do I LRIED) (16)18] ] De De D¢
D, D D1 Crz0 CORY | Ds Ds Ds
D, D, D2 CJisam (14)163 D4 Da Da
GND GND GND e (13)15[] D3 D3 D3
Fig. 6.12 EPROM Family pinouts
Table 6.2 PROM Address Map
Input signal GND Wo-2 Wo- 1 Microprocessor’s address Decoder outputs
Decode’addresS As A1g A3z A1z A1q
Aq Ag As Ag Az A, A Ag 0, 0, 03 04
0 0 0 A A A 0 0 0 1 1 1
0 1 1 0 1 1
2716 mode ] 0 ] ; 0 )
1 1 1 1 1 0
0 0 1 N N 0 0 * 0 1 1 1
0 1 * 1 0 1 i
2732 mode ] 0 " ] ] o ]
1 1 * 1 1 1 0
0 1 0 N 0 0 * * 0 1 1 1
0 1 * * 1 0 1 1
2764 mode
1 0 * * 1 1 0 1
1 1 * * 1 1 1 0
0 1 1 * * * * * 1 1 1 1
e
1 1 1 1 ] 1 1 1

Note:  * indicates O or 1

A indicates O or 1 which defines the EPROM’s page address
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Functional description of M5L8041A-006P

General

M5L8041A-006P is a slave computer LS| which is designed
for EPROM writer control using a mask-programmed
M5L8041A-XXXP. The operation mode of the PRPG is
defined by the master microprocessor. So it is programmed
by the system’s software as an 1/0 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 A, 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 M5L804 1A-006P;

® EPROM write controll for the 2716 or 2732

® Fully compatible with Mitsubishi microprocessors

® Reduces the master microprocessor’s program for
EPROM writing.

PRPG interface and timing
An example of PRPG interfacing is shown in Fig. 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.

Design example of EPROM/RAM board

Fig. 6.16 presents the design example of EPROM/RAM
board which is fully compatible with the proposed IE3-
P796 bus standard. The M5L2716K, M5L2732K or
M51.2764K 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_PRPG data buffers: not fuli

COMMAND/ LED DISPLAY
RIPTION CODE NOTES
STATUS DESC PASS FAIL ©
Defines the operation | MSB LSB Ao o 2716 Mod PASS = ON FAIL = ON It is necessary to provide
mode of PRPG [M l 0 I ) l 0 I 0 ] 0 ]F1 FOI . >EPROM Selection { 6 Mode When mode is set correctly. | When programmed mode is |  mode set command after
2732 Mode {Mode request LED not coincident with power on. After mode is
! 0 0 358MHz turns off.) hardware switch. set, the operation mode is
Mode set > Selection of clock 0 1 4.194303 MHz available until the other
input 1 0 6MHz mode is set.
i MSB Lse A MSB LSBA
?jélrnei: :g:;t)a:nd the = S T T 0 FAIL = ON A bytes commands after
end address (EPA) ’ l ! ] ! | ! l ! LO_TO ]ﬂﬂ [i] st byta {SPA) HIGHER n 1 SPA>SPB address set command
2 of programing . _ 2ndbyte (SPA) LOWER 0] 2 SPA  EPA should provide with AQ
EPROM After providing Address set command, it is necessary 2716 > 800,¢ =800;6 input low-levei.
Address set to p(ovide foilowing 4 bytes of SPA and EPA  3rd byte (EPA) HIGHER ﬂ 2732 5 1000, ¢ g 100046
continually. 4th byte {EPA) LOWER n 2 2
Checks the Ms8 LS8 Ao PASS = ON FAIL = ON
programming | 1lof1]1]0 | ofo] ﬂ 1f EPROM is erased. if EPROM is not erased.
3 s
EPRQOM if it is erased. {i.e. All data are FFy¢)
Blank check
)
é gv;geosh;hz&?:ﬁ;; tsr:a[:n mMse Lss Ao After providing this command, PRPG generates | PASS = ON FAIL=0N
2 . from mastor CPU and | 11 01 | 0 | o—[ ) ] 0 | ) | | 1 l EPROM programming timing pulse. When programming If it is not able to write
) rerifies the written finishes completely. correctly in the EPROM
© |EPROM write ;
data if they are address.
correctly programmed. (SPA ~ EPA)
(I:E“I"(-!F?'(<)Sl\ﬂt!"]:z ’t)(ogram?ed "MSB LS8 Ao After providing this command, PRPG compares | PASS = ON FAIL = ON
if it is written i
. i [1TJeT1JeJoe]o]0] U—_I the programed data with the source data of When the programed data | !f the programed data are
master CPU. are equal to the source data.] not equal to the source data
Verify
< LS8
Executes the MSB PASS = ON FAIL =0ON
6 commaqu 3.4.,5 111 | 0 l oio I 0 l 0 l 0 | When there is no error When there are any errors
Automatic automatically. in 3 and 5 command. in 3 and 5 command.
write
Transfers the EPROM’s| MSE LSB Ao mse_ o LSBAOteass-on FAIL =ON SCA = star: address of copy
c;z-lctz\g/:grzéf :i;f;;gd ™ 1 | 1 | 0 | 0 | UJ 0 ﬂ El 1st byte SCA) HIGHER n When data transfer finishes. | Saine condition as data
7 master CPU. . 2nd byte (SCA) LOWER n command 2 ECA = start address of copy
Copy After providing Copy command, 3rd byte " (ECA) HIGHER u data
it is necessary to provide following
(ECA) LOWER
4 bytes of SCA and ECA. Ath byte R o]
4 8 Indicates if write ms8 Lss Ae The status is used by
2| Writedata | data buffer in the I - t - I - I ‘1 ‘T— I d :I 4 or 6 command.
51 butfer full PRPG are full or not. ——— ————— 0 PRPG data buffers: full

(MY9LZISN ‘UZELZISK ‘N9T LZISK)
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Vpp CONTROL Pg3 I (Vpp=25V)
{
| )
f
P26 | i
{ )
E I
CE | | | !
o 1| ;! B
| 1 i | T
_ | i | | |
OE Py | | ! | |
| | . L«
— l T 7
Pio | + | —
DATA ) x > < 1
P17 ! | [ )( X
| T pl
" ! ! L
4 f
ADDRESS  pg x i e X
p I l (
6 { | ] 7 |
Lo o ! |
I i DATA PROGRAM ! L_DATA VERIFY_| |
1 [ i ] >} =
! EPROM WRITE COMMAND | COPY, VERIFY, BLANK CHECK
L i
' L
Fig. 6.13 2716 Programming timing
Vpp=0V
L
Vpp/OE - +
PP Ps3 , (Vpp=25V) : P —| .
— ! ! . 4
—— - 45
P26 { -
i [
— : ] g
CE P10 | | 50ms II' l l : I l I l
| (I 1
i o
! |
| 1
! !
P10 | l
DATA (1 ! X ) 'j _OC: D D D
P11 I —
Il I
!
1 !
Py 1 f s
ADDRESS X
Ps t ! . X A
6 T - ! )
| DATA PROGRAM J DATA VERIFY
i 1
|
! EPROM WRITE COMMAND COPY, VERIFY, BLANK CHECK
|

Fig. 6.14 2732 Iirogramming timihg
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30V Ipg > 30 mA

t{ IN OouT|

DC/DC Veg
CONVERTER vz, & 25D560 [ ]
T 26~28V L a0 o
1 2 7 Tl UPPER SIDE 2732
Vop Vec 07 5:220'061'8'(:; ©3 ‘L_ I j LOWER SIDE 2716
T0 D D o -
P
s 1 o 6c =y * < | Va1 26~28V
FROM ADDRESS DECODER) ' V2K =5y OTH aTKZATKE | | Vzz  55~68V
cHip seLecT ~FEO —qCs N U] Vz3  24.3~245V
oc 233 oo
-~ 680
ADDRESS AQ A0 r oc. oc. =~ b—
10
WRITE COMMAND -qwr L—0E/vep
Vpp/Ar1
READ COMMAND 4\11 RD  Pyg Jcs
(LSB) 0o R 00
D1 1 D1
D2 2 D2
DATA BUS 03 5|3 D3
D4 4 D4
D5 5 D5
- D6 6 D6
(MSB) 07 ; o7
M5L8041A .
I Posl— |C SOCKET
P30 2716/32
RESET Pay
A
1 uF on on Pao AO
PZI PZ\ 5 PGl Al
P2y Pyy ] Pay A2
CPU CLOCK o X1 Py Pas 2 Pas A3
S, A4
—X2 PROG PROG Ps, AB
‘i Psa A6
Vee  Pss
CS  Peo
GND  Pg,
Vpp control port Pra g|>0 Per
Port | 26v | BV | OV EA P2
T GNDPZ'I ———‘D—— Pyl
Pys L L H oc
“Pes H L HLO' S

Fig. 6.15 Design example of PRPG.
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LL—SI

o a2 8 Ly -
PEN 16 01y So S g
ADR D_2f = PSP e 2
2l 12 A
DATF * E DAT £ 19])! 9 07" 9
DATE * [£3 £ DATE T8l 1Y g
DATD *[62 4 DAL Hos o, L
DATC * [61 5 DAT B 152 515t 5
DATB * A DA 303 Ds
DATA * |63 9 DA ? 210 0
DATY * [66 = b D, D,
DATS * [65 Do a6 | A7 D, All| AI3 7
A Aro
SEN 1 q;g AD0 Al A A, ROM/RAM
4 A, A,
9 AD) s 3f8 3],* 8 ARRAY
ic1 1 IC!
Ci5 1/ A —aeeo—adA, 12 | 1c3 A ca 5 2ia, 106 | 1C7 HA; e8| 109
1 9 DATE " |apR6 Bl¢ ™ 1 g 5]
s
2 6 DATD [ LG ™ 1y 1y
g8 [7 DATC ADR 4 7] i Py 7[5 1A
IC32 [4 DATE I JabR3 8l 8l 8 8],?
> Lseso {5 DATA ADR2 Of" ] g ] Ny ol
83 ATO ADR 1_Tol,! To[n! 10! T0]ap
[ GND D:;QSJ 2ot 2doe 2doe 5590
10 0.1 uF 24 W/Vpp/A1 W/Vpp/A) W/Vpp/A; 24 |W/Vpp/Ai,
. & Y o FZ o> 3090 =
Py T 1 DEno/ ) DEN1/ OEN2/) CEN3/ OEn4/ ) DENS/ OEN6/ JOENT/ ) .
DAT7 * gODm oC 12 gﬁ ; 3 [31 C 7 G g
DATS * [70 9 e NES ADR D =SS S
DAT4 * [69 1c33 o )
DAT3 * [72 2 24 Sk g o o
DAT2 * [71 LS640 |15 DA -2 1, D, D,
DAT1 * [72 2 D/f\‘1 = 22, Aos Ds Ds
DATO *[73 o TaERE ) Ds Da
1 DAT 213]2° 0 0
OEN 0/ 8 DA B gz 32 g,
2 D | 1 1
BEN 7/ B, 5| o7 Do ca| co Do C11 ci6
ADR A 24| A10 NG 22 A0
RD1 FOLENE R =A =1Ae Ay ROM/RAM
ADRE_3|4s As 3P Ag ARRAY
A, 1C16| 1C17 2, 1C18 | 1C19 A 1c20] ic21 A;1c22| 1C23
2 R gAE BN 5] Ag
ADRD ADR 25 As :s Qi
=} 4 3 4
ﬁ); gA’ 573 As ; As g A3
ADR 2 g2 5]~ 5142 1A
ADRY 13 ~ ADR ) A A Ay '
) ADR1 B, ADRD ADR 110 T0] 0] 0fa
ADRD 2 ]=2 22 =2 245t 22 =2
EEN 0/ 8 2390 [5390¢E o [2390¢
2 PaAW/VppIA 24 WiVpp/A 28 Wvpp/a, 24 W/iVpp/A 1
EEN 7/ 13—14 2716, M58725 l 201 20 20 20 201 20 20 20
N2 EENS, €| EEN!
ADRC 15_—15 2732, 2764 EENO/ EEN1/ EEN2/ ) EEN3/ / ENS5/. 6/} EEN7/
'45;—1. rzhma 59 o] [ k] ~1ra
L_itf?.ll ROM/RAM  SELECT _zi ROM/RAM 199 0 ROM/RAM 09 9! rom/mAM
o [ I Wa  SELECT Wa  SELECT wa SELECT
11-10 RAM
WR/

Fig. 6.16 Design example of EPROM/RAM board (1/2)
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MWTC * 01— Samy 411[‘:@°—| ey
i c21 2 1502
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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 overall 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.

M BITS K BITS

N BITS

WHERE : 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 ccde.

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, D Ro
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 Ry, being given by the
following expression.
Ro = Dy © D,
where @ is the exclusive-OR operator
Next, let us consider the case for which one of the bits is
different, that is, the case of a single bit error. Since the
word has three bits, for each word there are three possible
error words making a total of 12 possible error words. This
is summarized in Table 7.2.

Table 7.2 Valid Word and Error Word Combinations

Valid word Error words

0 0 O 0 0 1 0 1 0 1 0 0
0o 1 1 0o 1 0 0 0 1 11 1
1 0 1 1 0 0 111 0 0 1
11 0 L | 1.0 0 0 1 0

Table 7.3 Decimal Notation Valid and Error Words

Valid word Error words
0 1 2 4
A valid word
3 2 1 7 is one with
5 4 7 1 no errors.
(3 7 4 2

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 this 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.

N - 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
shown 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
particular error word belongs to or phrased differently,
although the fact that the word is an error word is
determinable, which bit is in error must be known or else
the code cannot be used to correct the error. This type of
error check is known as error tletection.
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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 Ky Ko
0 [
1 11
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 Error words

0o 0 0jo0o o0 1|0 1 031 00
1t 1}t 1 0f 1t 0 130 1 1

Table 7.6 Decimal Notation Single Bit Error Words

Valid word Error words
0 1 2 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

S : total word set

W valid word set

R! : bit 1error word set
R? : bit 2 error word set
R3® : bit 3error word set
W = (000, 111)

R! = (001,110

R? = (010, 101}

R? = {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, R!, R?, 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 (Rg) regardless of the length
of the data word. R, is derived in the following manner.

Ro =Do @D, ®D, ®
or

Ro =

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 M741L.S280P (SN741L5280) as the parity generator. The
M74L.S280P has Zg and X as parity outputs and inputs
A through |, The input to output relationship being defined
by the following expressions.

D, ® D, D, ®
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MULTIPLEXED ADDRESS A6 A6
o A5 A5
RAS CAS R/W 1 :;1 Al
A3
A2 A2
A:} Al
RAS = _AO
N————RAS
N———RW
— — - — — - — ~ O —
5 3 a 3 a3 8|38 5 8 a 8 aa z 8
=3 o e o~ ~ N w © -~
Do ~ D, u:' Ol o a ol o} o‘ D‘ DJ
N
NRW o
D I‘L Note. Timing for CAS and R/W is as follows.
o fa
D, 5 | CAS
G [
Ds D RW :
IR 1S \ /
Ro | Ds E (ggns min 1| Ons min
-
G1 7 H LS73
PARITY ERROR
R/W | Zo J Q
%
LS280 K
CAS G2 [ RD
RW
ERROR RESET

Fig. 7.4 Parity circuit example

Je=AeoBeCoDoEoFoGoH®I The JK flip-flop does not change states at the rising edge
..... (5) of CAS. If, however, there is any single bit error in

o=Ao®BeoCoDoEeoFeoGeHO®O®I Dor~D7r oOr Rggr, the following. expression is derived
..... (6) from equation (7).

For write operations, since G1 makes the | input 0, the Ror =Dgr ® Dig ® -weevene ® Dyjg ... (10)
parity bit Rog is written into memory with a value given by When this is substituted for equation (8), we have the
the following expression. following.

Row = Zow = Dow @ Dy @ --everee O Diw  .weer (7) Zor =Ror + Rog = 1 e (11)
where Dow ~ D7 is the write data Upon the rising edge of CAS, the JK flip-flop output goes

Next, for read operations, all of the read data. (including to 1 indicating the presence of an error.

parity) is input to the M74LS280P. Therefore the output is
given by the following expression.

ZOR = DOR @ D‘lH B cveeneens @ D7R @ ROR ..... (8)
If no errors are present in Dg,~D+R, then they become
equal to Dg,~D;w and Rqw, equation (8) replacing (7).
EOR = ROR + ROR =0 .. (9)
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4, Single-Bit Error Correction

The detection and reversal (correction) of asingle biterror is
referred to as single-bit error correction (SEC). For SEC to
be possible the Hamming distance for the total word must
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. '

N
N=M+K

2% -1
where

I\

SEC is an extension of the 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

Table 7.7 Allowabie M values

K = M =
4 4~1

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. "

Bit number 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 4 3 2 1
Data word D1s D14 D33 D12z D Dy Dg Dg D7 Dg¢ Ds Dg D3 Dz Dy Do
Redandancy word Ra R3 Rz R; Ro
Ro| X X X X X X X X X X X
R1 X X X X X X X X X X
Weight of
) Rz| X X X X X X X X X X
redundancy bit
R3 X X X x x X X X
Ra| X X X X x X

Fig. 7.6 SEC Weighting

Whereas for parity the Ry 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=Dy®D, ®D; @ Da‘,\éB D¢ ® Dg ® Dyo ® Dy
®©D;3 ©Dy3 D5

R; =Dy ®D; ®D3 ®Ds ®Dg ® Dy ® Dy ®Dyp

eDyy (14)
R, =D, ®D, ®D; ©D, ©Dg Dy ®Dyg ® Dy

®Dy L. (15)
R3 =D, ®Ds ®Dg ®D, ®©Dg ®Dg ® Dyg ..... {16)
R4 =Dy; ®Dy, ®Dy3 @Dy D5 ... (17)

In this manner the redundancy bits R, through R, are
generated and written into memory along with the data bits
Do to D;s. For read operations, Zgro~Zgr4 are ex-
amined as was explained for parity checking. Should there
be no errors, EORO = 2031 = 2032 = 2053 = 2034 =0.
Let us assume that a single-bit error occurs, for instance at
the 11th bit (Dyg). Ro, Ry, and Rj are used as check bits
for the 11th bit so that from equation (13) through {17) we
have ZORO = EOR1 = EOR3 =1 and EORZ = 20R4 =0.

Zoro Zor1 ZoR2 Z0R3 ZOR4
0 1 0 1

- decimal 11

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 O 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
Zoro~ZoRa. allowing reversal of the bit after decoding of
the position. These ZoRrg through Zgr4 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.

MITSUBISHI

15—82

ELECTRIC



MITSUBISHI LSIs

ERROR DETECTING AND CORRECTING

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
scheéme, 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-1T_ 12N
where N=M + K

In SEC, weights are assigned so that the syndrome bits
Ro~Rk.q are expressed in binary code to indicate directly
the position of the error bit. In SEC-DED however, for a

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.-

Bit number 22 21 20 19 18 17 16

Y

13 12

Data word Dis D14 D13 D312 D41 Do Dg Dsg

D1

De Ds Ds D3 Dz D1 Dy

Redundancy word .

Ro Ry Rz Rs Rs Rs

Weight of

redundancy hit

X

X X

X

Fig. 7.6 SEC-DED Weighting

Rop =Dy ®D; ©Ds ®D; ®Dg ® Dyp ® Dy; ® Dy5 ...(19)

R, =Do®D; ®D, ®Dg ® Dg ® Dg ® Dy3 ® Dy4 ...(20)

R, =D; D, ®D;3'©Dg Dy ® Dy ® Dyy ® Dys...{21)

Ry=D; ® D4 ®Ds @Dy, ®D;,; D3 8Dy © Dls.-(zz‘)\A

R4 = Ds ® D, ®Dg ®Dy ®Dyp ® Dy ® Dy, ®Dy3...(23)

Rs=DoeD,®D,®D3;0D; ®#D; ®Dg ®D; ...(24)
From equations (19) through (24) we have the following
expression.

Cob =Ry ®R; ®R;, ®R3 ® Ry ® Rg

=Do @D, ®D; ®D; ®Dy ®Ds ® Dg ® D, @ Dy

®Dg ®Dyp ®Dyy ®Dy3 ®Dy3 ®Dyy ®Dys

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

Cor =Zoro ®Zor1 ®Zorz ®Zors ®Zonra ®Zors

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. In contrast to this,
the SEC-DED scheme provides a no error/1-bit error
syndrome detection capability which detects. an even
number of error bits as a 2-bit error).
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Table 7.9 Summary of error types

2 0Rs

304

203

ZoR2

Z0R1

Z0R0

Cor Remark

O O O © O © © = = = - w oa oo w000 0 0 O -

0

(=]

O = 4 40 4 4 4 40 8 00 0 0O o0 o0 o0 o0 o0 o o =

0

o o o

- - 0 0 0 0 0o o =

- e e 2 0O 0O O O O =

0

O =2 O O 0O 0O = == - 00 o = 0o o o

- = O = O =

- - 0 0 0 = =« 0 = 0 = 0 0 = = 0 = 00 0 o o

0

o

-0 0O 0O = = @ 0 = 0 = 0 0 = O = = 0 0 0 o o

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

No error

RRs error
RRa error
RR3 error
RRz error

- = = a oo

RR1 error
RRo error
DRo error
DRr1 error
DRz error
DR3 error
DRa error
DRs error

DRg error

a et ek 3 s B e o a

DRy error

Dgg error

-

DRg error
DR1g error
DR11 error
DRz error

DR13 error
1 DR14 error
1 DR1g error
0 2 bits error

Table 7.9 shows a summary of read error detection for

various types of errors.

of equation (19) through (25). In actual systems, the
detection of an error resuits in data being latched and

Table 7.9 applies to errors of 2 bits or less.

control circuits for these operations would be required as
Fig. 7.7 is the circuit implementation for the expressions well.

corrected, whereupon it is rewritten into memory and the

Table 7.10 Zgro ~ Zors Decoding

The decoding of Zgro through Zors by the SN745138
and SN74S502 is shown in the following Table 7.10.

Z0rs ZO0Rs ZOR3 Sorz Zomt Zomo |2 0”%332‘ oRs | ORg;aIE OR2 Data word

1 0 0 0 1 1 4 3 Do
1 0 0 1 1 0 4 6 D4

1 0 0 1 0 1 4 5 D2
1 0 1 1 0 0 5 4 D3
1 0 1 0 1 0 5 2 Dy
1 0 1 0 0 1 5 1 Ds
1 1 4] 0 1] 6 2 De
1 1 0 0 [} 1 6 1 D7
0 1 0 1 1 0 2 6 Dg
0 1 0 0 1 1 2 3 Dg
0 1 0 1 0 1 2 5 Do
0 1 1 0 0 1 3 1 D1
0 1 1 1 0 0 3 4 D12
0 1 1 0 1 (1} 3 2 D3
0 o 1 1 1 0 1 6 Dia
o 0 1 1 0 1 1 5 Dis
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Fig. 7.7 SEC-DED circuit example
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MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES

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 b
¢ onversion by ADCI Fig. 4
successive approximation.
A-D conversion b
* nversion by ADC2 Fig. 5

sequential comparisons.

o Ciear file. CF,CFM Fig. 11
e Right-shift file. RSF Fig. 11
o Left-shift file. LSF Fig. 11
e Transfer of file. TF Fig. 12
o Exchange of file. EXF Fig. 13
® Increment memory. INM Fig. 13
o Decrement memory. DEM Fig. 13
® Skip non-zero memory. SNM Fig. 13
® Skip non-zero file. SNFMA,SNFMI  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 effective 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 K
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 BM, BMA, B or BA instruction is executed on
page 14 (in other words, when any of these instructions are

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 SUBRQUTINE CALL
INSTRUCTION

INSTRUCTION
PAGE ON-PAGE CALLS A SUS-
8. BA BM, BMA | ROUTINE STORED
o g BRANCH ON PAGE 14
UTSIDE- CALLS A SUB-
PAGE  lsL. BLA QAGE BML, BMLA | ROUTINE STORED
BRANCH ( QUTSIDE THE PAGE.
PacE C[BM- BMA | SRanc SUBROUTINE
" s 8L BRANCHES TOY-BML, BMLA JSALS A B o
( PAGE 15 ( OUTSIDE
Pﬁgﬁ THE PAGE

Note 1: The B and BA instruction will branch on page 15,
and the BM and BMA instruction will branch on
page 14 if executed without executing an RT, 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.
It is useful for clearing files as shown in Fig. 7.
1.3 In-RAM file designation changing instructions
The following four instructions:

TAM j (where, j=0~3)

XAM j (where, j=0~3)

XAMD j (where, j=0~3)

X AMI j (where, j=0~3),
automatically change the contents of the X register depehd-
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.

used on page 14) the BM and BMA instructions will operate Contegt?egf‘ the (2)=0 2)=1
as a branch on page 14 and the B and BA instructions will Vaiue of j
operate as a branch on page 15. When any of the RT, RTS, 0 No change No change
BL, BLA, BML and BMLA instructions is executed, this 1 FO2F1 F42F5
special function is cancelled and BM, BMA, B and BA no F2eFs Fe=F7
longer have a special function. That is, the BM and BMA 2 ::?g;g E‘;g,’:g
instructions operate as subroutine call instructions on page FO=F3 peya—
14 and the B and BA instructions as on-page branch in- 3 F12F2 F5=F6
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
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2. A-D Conversion Programs

A-D conversion is performed by comparing the input
voltage of the analog input port K with Vi, 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. FEither 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(y) 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 Ky is
compared with the D-A conversion output V ref.

When i

[Vrefl > 1Vkin.l
is met during the execution of the next instruction {during
the execution of the NOP instruction), J¢y) is set to “‘1"’.
Otherwise it will be reset to 0"

If

[Vref | >V | e divy =1
the MSB of the H-L register is reset to “‘0’".
if

IVrefl<IVkm | ie.diy) =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 (L.SB).

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 Drgg, 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

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

START

H-L REGISTER
IS CLEARED

l

(C) 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 (C)
IS SET TO "1

NO(IVK(Y) > [Vret])

L . ()1 _l l

(J(v)) <0 I

|

YES (IVK(Y)| > Vret!)

S (I =0

THE BIT OF-THE H-L

REGISTER.THAT WAS

DESIGNATED BY (C)
IS RESET TO 0"

L ©—-1 |

YES (END OF 8 LOOPS)

RETURN
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for the port Ky in the following example.
LXY 0,0
BM 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 Vi (y). '

If

[Vref | >1Vk |
and if

IVref | <|Vk | then(CY)isreset to ‘0"
The H-L register is decremented when (CY) is 1 and
[Vref| by Vaer/256. Otherwise, the H-L
register is incremented, when (CY) is_ 0, and increases
|Vref! by VRer/256. The comparison will come to an
end when the magnitudes of |Vref| and [Vk | are ex-
changed.

The contents of the H and 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 Aregister, 15 is added to the A register. Testing whether
(A) is O or not is performed by the A instruction and by
checking if the carry is O.

It will test (H) = 0, when Vyef =225 VReF is met, and

will test (H) = 15, when Ves ='%g'g'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 K in the following example. However,
it will reduce conversion time if the subroutine is called
after setting an expected value in the H and L registers, in
cases where the digital value can be anticipated.

then (CY) is set to /1"

decreases

LXY 0,0

{H) < expected value
(L) < expected value
BM ADC2

Fig. 3 A-D conversion subroutine flow chart for
the sequential comparison method.

N

=]

()0
(CY)+«0

I )1

||

NO(IVk(v)!>|Vretl)

(CY)e=1

NTS
ORED IN THE

(Gv)e1

e

Creran D

WA -1 | [T w=w+i ] ( rerurn )

N

[}

(LY=o NO
tYES YES
[ =) Jj W= ] ] w<@ |
T (T
THEAR G&ER THE A R%G E\'ER
' i
| w=—1 | [ we—m)+1 |

(H)—(A)

MITSUBISHI

15—88

ELECTRIC



MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES

Fig. 4 ADC1 program list

2 GRG  Es0
3 *
4 *
5 MAX gQu 7
6 MIN EQU 12
7 J EQU 0
8 SIGN EQU 12
9 *
10 *
ié *HHHNHNEHEH  ( MELPS 4 LIBLARY NOol ) #iNHKKKHH##x
*
13 ok o ook 3 K ok ok K ok KKk KK K R R ok K o ok KK K K ok K K KK K K oK K KK K K oK K oK K K oK K Kk ok oK K
14 *SUBR: ADCl1 8=-BIT A-D CONVERSIONs BY SUCCESSIVE APPROXIMA.x*
15 ook o s ok o ok ok ok o ok ok K K Rk ook kKK 3 K K ok K K K R Sk K RO K K K e o K o 3 KK K oK K o K
16 00 0BO0 ADC1 LA 0 CLEAR Ay (A)=0
17 01 019 TLA CLEAR Ly (L)=0
le 02 059 THA CLEAR Hy (H)=0
19 03 057 LC7 (C)=7
20 04 042 ADC10 SHL SET H-Ls BIT IS ASSIGNED BY (C)
21 05 008 CPA COMPARE PORT K & VREF
22 06 000 NOP SET J IF ABS VREF.GT«ABS VK(Y)
23 07 029 SZJ SKIP IF (J(Y))=0
24 08 052 RHL RESET H=-L
25 09 009 DEC (C)=(C)=19SKIP IF (C)=0
26 *W0O*0A 104 BM ADC10 REPEAT 8 TIMES
27 0B 044 RT END OF ADC1
28 *
Fig. 5 ADC2 program list
29 ke ok K ok oK o oKk o K R ok 3R K R R oK K o 3 oK 3K o K 3K K ok 3K K o ROk ok ko ok ok ok sk ok ok sk K ok Ok ok K ok
30 *SUBR: ADC2 8-BIT A-D CONVERSIONs BY SEQUENTIAL COMPARISON*
31 Kk ok o e 3 ke o K o ok K o KK 3 K Kk S K KoK 3 K o ok S Kk ok oK K o oK ok K K KoK ok K K Kk ook K K ok ok K ok ok ok oK
32 oC 008 ADC2 CPA COMPARE PORT K & VREF
33 o)) 048 RC (Cy)=0
34 Ot 029 SZ2J SKIP IF (J(Y))=0
35 OF 049 SC (Cy)=1
36 10 008 ADC21 CPA COMPARE PORT K & VREF
37 11 0l8 XAL (A) EX (L)
38 12 029 SzJ SKIP IF (J(Y))=0 .
39%W0x13 11A BM ADC23 ACTS AS INSTRUCTION B ON PAGE 14
40 14 02F szC SKIP IF (CY)=0
41 15 044 RT RETURN)» CONVERSION FINISHED
42 *
43 16 0A1l A 1 (A)=(A)+19SKIP IF CARRY=0
44 xWOx17 126 BM ADC26 ACTS AS INSTRUCTION B ON PAGE 14
45 18 019 ADC22 TLA (L)=(A)
46 %xWO0* 19 110 BM ADC21 ACTS AS INSTRUCTION 3 ON PAGE 14
47 1A 02F ADC23 SZC SKIP IF (CY)=0
48 xWOx1B 110 BM ADC24 ACTS AS INSTRUCTION B ON PAGE 14
49 1C 044 RT RETURNsCCNVERSION FINISHED
50 10 OAF ADC24 A 15 (A)=(A)+159SKIP IF CARRY=0s(A)=(A)=1
51*WOx1E 118 BM ADC22 ACTS AS INSTRUCTION B8 ON PAGE 14
52 1F 019 TLA (L)=(A)
53 20 058 XAH (A) EX (H)
54 21 OAF A 15 (A)=(A)+15ySKIP IF CARRY=0s (A)=(A)-1
55%W0%x22 124 BM ADC25 ACTS AS INSTRUCTION 8B ON PAGE 14
56 23 0BO LA 0 (A) =0
57 24 059 ADCR25 THA (H)=(A)
58 %W0*x25 110 BM ADC21 ACTS AS INSTRUCTION 3 ON PAGE 14
59 26 019 ADC26 TLA (L) =(A)
60 27 058 XAH (A) EX (H)
61 28 OAl A 1 (A)=(A)+1ls SKIP If CARRY=0
62 29 OBF LA 15 (A)=15
63%xW0O*x2A 124 BM ADC25 ACTS AS INSTRUCTION B ON PAGE 14
64 * END OF ADC2
65 *
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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 0~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 instruction that designates 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
0 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
MAX EQU 7 e
MIN EQU 12
LZ 0 e
BM CF O  coreeeiennn
hE BM CF 1 e
BM CF2M
BM CEB3M oo
LZ 1
BM CFO
BM CF2M v
LSUBROUTINES (ON PAGE 14)
| CCFO  LXY 0, MAX
=CF 1 LXY 1, MAX
CF2 LXY 2, MAX
CF3 LXY 3, MAX

L+ SUBROUTINE COMMON PROCESSING

RT

Fig. 6 Function of clear-file subroutine

(z)=0 (z):1(x)(y1)5 1413121110 9 8 7 6 5 4 3 2 1 0

FO.F4 0
F1.F5 1
F2.F6 2
F3,F7 3
15 MIN=12 MAX =17 0
CLEAR FILE CLEAR FILE
(12~15) {0~7)

............................. MAX is intialized to 7 during assembly.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MIN is initialized to 12 during assembly.

---------------------------- File groups FO. F1, F2 and F3 are selected
............................. Clears FO (O~7).
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Clears F1 (0~7).

-+ Clears F2 (12~15])

............................ Clears F3 (12~15)

The file groups F4. F5, F6, and F7 are selected
-+ Clears F4 (0~7).

----------------------- Clears F6 (12~15)
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4. Right-Shift File
Program Operation
This is a subroutine that is used to right-shift the files
FO~F7, as shown in Fig. 8. The contents of address O
~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 O 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 1
BM RSF 1
BM RSF 1

Fig. 8 Example of right-shift file execution

A REGISTER FILE
1514 13 121110 9 8 7 6 6 4 3 2 1.0
exearoos O (T 1111 Iolr\lf\lj\ljhlﬂﬂ\ﬂ\
EXECG?ITSE LTI TTTT I°|‘|ZI3LAL51;[7ITOA

MAX  RIGHT-SHIFT 0

5. Left-Shift File
Program Operation
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 = 0~15) in a file designated by the Y register
are shifted left one digit. The least significant digit {LSD)
is filled with 0 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 0 instruction. When MIN = 0 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 XAMI
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 EQU 12

LZ 1
BM LSF3

Fig. 9 Example of left-shift file execution

A REGISTER FILE
15141 121110 98 7 6 5 4 3 2 1
exeeomon L D2l T T T T TTTTTTTT]

PP
ExEcﬁﬂgnﬂpl‘l“‘/] [TITTTTTTITT]

—
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 0~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. 10, in which the contents of the file FO are transferred
to the file F1. Each time the TAM 1 and XAMD 1 instruc-
tions are executed, the designated file changes to FO—>
F1->F0...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 FO is transferred to file F1 and

F5 to F7. Digits transferred in each file are 0~7.
MAX EQU 7

Lz ]

BM TF10
LZ 1
BM TF31

Fig. 10 File transfer example of (F1) — (FO)

51413121110 9 8 7 6 5 4 3 2 1.0
T

o CTTTT] N
ANSFER  § WVAVAAA AT
e I T IO o

e ——
MAX  FILE TRANSFER 0

Note 2 : The arrows show how the file is changed.
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Fig. 11 CF, CFM, RST and LSF program lists
66 ke ok ko e ook ok ok Rk Ok ok ok ok Kok kR K oK ok R K K R A 0K 3Rk IR K K ROK K K ROk 30K K
67 *SUBR: CF CLEAR FILE FX(0-MAX)=0 *
68 A ook 3 ek ok koK ol oK ok R Kk ok kK ok K 8k ok ok ok ok e ok ol 3 ook R koK ok ok 3k ok ok
69 28 0C7 CFO LXY  0sMAX FO(O-MAX)=0 OR F4(0=MAX)=0
70 2 oD7  CF1 LXY  1,MAX F1(0-MAX)=0 OR F5(0=-MAX)=0
71 2D 0E7 CF2 LXY  29MAX F2(0-MAX)=0 OR F6(0-MAX)=0
72 2E OFT CF3 LXY  34MAX F3(0-MAX)=0 OR F7(0-MAX)=0
73 2F 080 CFO1 LA 0 (A)=0
74 30 068 XAMD O (M) EX (A)y (Y)=(Y)=19SKIP IF (Y)=0
75%WO0* 31 12F 8M CFO1  ACTS AS INSTRUCTION B ON PAGE 14
76 32 044 RT END OF CF
77 *
78 0ok ok ok ok ook K ok ook koK 3 sk K Xk ok 3K 3 OK ksl ok ko 0k K ok koK 0K kR K K K ok ok K 0k K ok koK i
79 *SUBR: CFM  CLEAR-FILE FX(MIN-15)=0 *
B8O ok ok ke 3ORoK Bk R 0k ok ROk I KK ok ki 30K K R ok ok K ok ok sk oK e Kk akok K K K KOk 30k %k 30Ok K koK K
81 33 0CC CFOM LXY OsMIN FO(MIN-15)=0 OR F4(MIN-15)=0
82 34 ODC CF1M  LXY  1sMIN FL(MIN-15)=0 OR FS(MIN=15)z0
83 35 OEC CF2M LXY  2yMIN F2(MIN-15)=0 OR F6(MIN=15)=0
84 36 OFC CF3M LXY  3sMIN F3(MIN-15)=0 OR F7(MIN-15)=0
85 37 0BO CFOM1 LA 0 (A)=0
86 38 06C XAMI 0O (M) EX C(A)y (Y)=(Y)*19SKIP IF (Y)=15
87*WO*39 137 BM CFOM1 ACTS AS INSTRUCTION B ON PAGE 14
88 3 044 RT END OF CFM
89 *
90 Aok ok ok ook kR 3 0K ok K K ok R R oK R i R ok R K o ok s Rk 3k oK ok ok ok K Kok Kok
91 *SUBR: RSF  RIGHT=SHIFT FILE FX(O=MAX)»FX(MAX)=0s(A)=FX(0)%
92 sk b ok ook 3 o R KK 3 oK o o ok KK ok ok oK K 8 2 ok ki ok ok ok ok oK oK oK o ook K K
93 38 0C7 RSFO  LXY  0sMAX FO(O-MAX) R=5» FO(MAX)=0s (A)=FO(O0)
94 3 0D7 RSF1  LXY  1sMAX F1(0-MAX) R-5s F1(MAX)=0s (A)=F1(0)
95 3D OE7 RSF2  LXY  24MAX F2(0-MAX) R=-Ss F2(MAX)=0s (A)=F2(0)
96 3E OF7 RSF3  LXY  3yMAX F3(0-MAX) R-Ss F3(MAX)=0» (A)3F3(0)
97 3F 080 LA 0 (A)=0
98 40 068 RSFOI XAMD 0 (M) EX (A)y (Y)=(Y)=ly SKIP IF (Y)=0
99%WO*41 140 BM RSFOl ACTS AS INSTRUCTION B ON PAGE 14
100 42 044 RT END OF RSF
101 *
102 ko ok 3 KoK K ok 0k ook o ok Rk ok ko ok sk ok ok Ok 3o 3 R K K 30k 3k ok 0K K 80K K Ok 30K ok ok ok 0ok
103 *SUBR: LSF  LEFT=SHIFT FILE FX(MIN=15)sF X(MIN)=0,(A)=FX(15)%
104 T TTnmr
105 a3 0CC LSFO  LXY  OsMIN FO(MIN-15) L-Sy, FO(MIN)=0s (A)=FO(15)
106 a4 0DC  LSF1  LXY  1»MIN FL(MIN-15) L-S, F1(MIN)=0y (A)=F1(15)
107 4as OEC LSF2  LXY  2yMIN F2(MIN-15) L=-5» F2(MIN)=0» (A)=F2(15)
108 a6 OFC LSF3  LXY  3sMIN F3(MIN=15) L=-S, F3(MIN)=0s» (A)=F3(15)
109 a7 080 LA 0 (A)=0
110 a8 06C LSFOl XAMI 0 (M) EX (A)s (Y)=(Y)ely SKIP IF (Y)=15
111 %WO*49 148 BM LSFO1 ACTS AS INSTRUCTION B ON PAGE 14
112 an 044 RT END OF LSF
113 *
Fig. 12 TF program list
114 ***i********************************************************
115 *SUBR: TF TRANSFER OF FILE FX1(O-MAX)=FX2(0~MAX)
116 *********t***********************t**************************
117 4B 0C7 TF10 LXY OsMAX F1(0-MAX)=FO(0=-MAX)
118 ac 007 TFOl  LXY  1sMAX FO(0=MAX)=F1(0-MAX)
119 4D OE7 TF32 LXY  2yMAX F3(0-MAX)=F2(0-MAX)
120 4 OF7 TF23  LXY  33MAX F2(0-MAX)=F3(0-MAX)
121 aF 065 TF10l TAM 1 (A) =(M(DP))
122 50 069 XAMD 1 (A)=(M(DP))s(Y)=(Y)-14SKIP IF (Y)=0
123%W0*51 14F BM TF101 ACTS AS INSTRUCTION B ON PAGE 14
124 52 044 RT END OF TFlO
125 *
126 53 0C7 TF20 LXY  OsMAX F2(0=-MAX)=FO(0-MAX)
127 54 007 TF31  LXY  14MAX F3(0=MAX)=F1(0=-MAX)
128 55 O0E7 TF02 LXY  2+MAX FO(0-MAX)=F2(0=-MAX)
129 56 OF7 TF13  LXY  34MAX F1(0-MAX)=F3(0-MAX)
130 57 066 TF201 TAM 2 CAY=(M(DP))
131 58 06A XAMD 2 (A)=(M(DP))s(Y)=(Y)=14SKIP IF (Y)=0
132%W0%59 157 BM TF201 ACTS AS INSTRUCTION B ON PAGE 14
133 5A 044 RT END OF TF20
134 *
135 58 0C7 TF30 LXY OsMAX F3(0-MAX)=FO(0-MAX)
136 5C 0D7 TF21  LXY  19MAX F2(0=MAX)=F1(0=-MAX)
137 5D 0E7 TFl2 LXY  24MAX F1(0=-MAX)=F2(0-MAX)
138 5 OF7 TFO3  LXY  33MAX FO(0=MAX)=F3(0-MAX)
139 5F 067 TF301 TAM 3 (A)=(M(DP))
140 60 068 XAMD 3 (A)=(M(DP))9(Y)=(Y)~19SKIP IF (Y)=0
141%WO%61 15F BM TF301 ACTS AS INSTRUCTION 8 ON PAGE 14
142 62 044 RT END OF TF30
143 *
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7. File Exchange
Program Operation
This is a subroutine that is used for exchanging the
contents of the files FO~F7. The data (MAX + 1 words) in
the addressés of 0~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 0.

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 F1

and F4 with F7. Digits exchanged in all files are 0~7.
MAX EQU 7

LZ (o}

B M EXFO1
LZ 1

BM EXFO03

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) (FO, or F4,)
M(z,1,11) (F1,1 or F54,)
M (z,2,13) (F2,5 or F6,3)

M (z, 3, max) (F3max Of 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
BM 1 NMOOO
LZ 1

BM DEM213

9. Skip Non-Zero Memory

Program Operation

This is a subroutine that is used in test if the contents
of specific words in the RAM are 0, The specific addresses
that can be tested are shown below.

M(z,0,0)  (FO, or F4q)
M(z,1,11)  (F1y; or F5;;)
M(z,2,13)  (F2,; or F6,3)

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 O, 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 O, execution returns to the following instruction.

~ When the contents of the RAM are not O, the execution

returns to the second instruction.

The following is an example in which the contents of
M (1, 1, 11) are tested:

LZ 1

BM SNM1 11

[ INST 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 0. There are two subroutines applicable:
one for testing the addresses O~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 O, this
instruction is skipped, and the return is to the second
instruction following the call.
In case of digit MIN~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 O, the program execution returns to the instruction
following the one that called the subroutine. If the contents
are not O, the program execution skips this instruction. An
example is shown below, in which the contents of the file
FO,~FO; are tested.
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Fig. 13 EXT, IMN, DEM and SNM program lists
144 Ak ok ok ok K 3K oK K KK Kk oK 3K KoK Ko 3K Kok 3 oK o oK K oK ok oK sk ook kK K oK Kok ok K ok K koK XK
145 *SUBR: EXF EXCHANGE OF FILE FX1(0~MAX) EX FX2(0=-MAX) *
146 ok ok KK K K 3 A K K oK KK KKK KR K K 0K K kKK K ok oK K kK KK oK oK K K ok ok K Kok K
147 63 0C7 EXFO1l LXY OsMAX FO(O-MAX) EX F1i(0=-MAX)
148 64 OE7 EXF23 LXY 29MAX F2( 0-MAX) EX F3(0=-MAX)
149 65 065 EXFOO1l TAM 1 (A)=(M(DP))
150 66 061 XAM 1 (A) EX (M(DP))
151 67 068 XAMD O (A) EX (M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
152%W0O*68 165 BM EXFOO1 ACTS AS INSTRUCTION B ON PAGE 14
1563 69 044 RT END OF EXFO1
154 *
155 6A 0C7 EXF0Z2 LXY OsMAX FO(O0-MAX) EX F2(0-MAX)
156 68 0D7 EXF13 LXY 19MAX F1l(0-MAX) EX F3(0-MAX)
157 6C 066  EXF002 TAM 2 (A)=(M(DP))
158 6D 062 XAM 2 (A) EX (M(DP))
159 6E 068 XAMD O CA)Y EX (M(DP) )2 (Y)=(Y)=14SKIP IF (Y)=0
160*WO*6F 16C BM EXFO02 ACTS AS INSTRUCTION B ON PAGE 14
161 70 044 RT END OF EXFO2
162 *
163 71 0C7 EXFO03 LXY OsMAX FO(O-MAX) EX F3(0-MAX)
164 T2 0D7 EXFl2 LXY 19MAX F1(0=-MAX) EX F2(0-MAX)
165 73 067 EXFO03 TAM 3 (A)=(M(DP))
166 74 063 XAM 3 (A) EX (M(DP))
167 75 068 XAMD O (A) EX (M(DP))s(Y)=(Y)=1sSKIP IF (Y)=0Q
168%W0*x76 173 BM EXFO03 ASTS AS INSTRUCTION B ON PAGE 14
169 77 044 RT END OF EXFO3
170 *
171 *HRAEANENAA  ( MELPS 4 LIBRARY END ) ##kuwwtustsx
172 END
11 ¥HHRHAHHE#H  ( MELPS 4 LIBRARY NOo2 ) W ##N#RFANX
12 Ak K K ko kK ko R K KKK K KK oK R K KK K KK K KKK KoK 3 KoK K K s ok ok ok ook oKk ok K
13 *SUBR: INM INCREMENT MEMORY FX(Y)=sFX(Y)+1 *
14 *SUBR: DEM DECREMENT MEMORY FX(Y)=FX(Y)~l *
15 ok o R Sk ok ok ok ok KoK K oK Rk KK R KK 3 0K oK K R K ok HOR KRR K K oKk o K oK KoK K o ok
16 00 0CO INMOOO LXY 0s0 FO(O) =FO(0) +1 OR F4(0) =F4(0) +1
17 ol 0DB  INM111 LXY 1,11 F1C11) =F1(11) +1 OR FS5(11) =F5(11) +1
18 02 OED INM213 LXY 2+13 F2(13) =sF2(13) «1 OR F6(13) =F6(13) +1
19 03 OF7 INM3MA LXY 39MAX  F3(MAX)=F3(MAX)+1l OR FT(MAX)=FT(MAX)+1
20 04 081 LA 1 (A)=1
21 05 O0A INM AM (A)Y=(A)+(M(DP))
22 06 060 XAM 0 (A) EX (M(DP))
23 o7 080 LA V] (A) =0
24 08 044 RT
25 09 0CO DEMO0O LXY 0s0 FO(0) =FO0(0) =1 OR F4(0) =F4(0) -1
26 DA 0DB DEM111 LXY 1911 F1(11) =F1(11) ~1 OR F5(11) =F5(11) =1
27 08 OED DEM213 LXY 24913 F2(13) =F2(13) =1 OR F6(13) =F6(13) -1
28 oC OF 7 DEM3MA LXY 39MAX F3( MAX)=F3(MAX)=1 OR FT(MAX)=FT(MAX)~1
29 oD OBF LA 15 (A) =15
30*WO*OE 105 BM INM END OF INM AND DEM
31 *
32 Ak K oA K R 0 KR K ok KK KKK o K R R KK ek KRR KoK 3 oo o Kk ok ok o ok ok ok ok ok Kk o
33 *SUBR: SNM SKIP NON-ZERO MEMORY FX(Y)sNEeO ? *
34 0k K gk 2 0k K ok ok ok KK K o koK S ol oKk Rk KK oK ok K oK oK oK oK K KoK K ok o ok ok ok koK Rk XK
35 - OF 0CO SNMO0O0O LXY 04v0 FOCO) oNEeO ? OR F4(0) oNEeO ?
36 10 0DB  SNM111 LXY 1511 F1(11) eNEeO ? OR FS(11) «NEeO ?
37 11 OED SNM213 LXY 2913 F2(113) oNEeO ? OR F6(113) oNEeO ?
38 12 OF7 SNM3MA LXY 39MAX F3(MAX)eNEeO ? OR FT(MAX)eNE&O ?
39 13 064 TAM 0 (A)=(M(DP))
40 14 OAF A 15 (A)=(A)+159SKIP IF CARRY=(Q
41 15 045 RTS RETURN IF FX(Y)eNEW&O
42 16 044 RT RETURN IF FX(Y)eEQeO
43 * END OF SNM
44 *
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MAX EQU 7
LZ 0
BM SNFOMA
Instruction 1 < Return if {(FO,~F0, =0) J
| Instruction 2 < Return if not (FO,~F0, = 0) J

11. BCD Addition of Files

Program Operation

This is a subroutine that is used to perform addition in
the BCD mode among the files FO~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 FX1 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 XAMI 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.

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
(FO;5~F0,,) <« (FO;5~FO0,,) + (F1,5~F1;,) is shown
below:

MIN EQU 12

J EQU 1

LZ 0
BM ADFO1
Llnstruction 1 < Return if overflow

Llnstruction 2 < Return if no overflow l

Fig. 14 BCD file addition subroutine flowchart

(A)—(FXx1)
FX1 IS ALTERNATED WITH FX2

(A)—=(A)+ 6
BCD COMPENSATION

AY—(A) +
(Fx2)+(cY)

Selection of the files FX1 and the FX2 is made by léﬁs):é%i;ggsmﬁ THERE usl
changing x of the LXY x, y instruction and j of the TAM j YES L———rNO NEED TO BCD ADJUST
and XAMI j instructions, FX2)—(A)

FX2 AND FX1 ARE
ALTERNATED
(Y)<—(Y)+1
SUB. e X | (FX)—(FX1) +(FX2)
ADF10 0 1 (F1)«(F1)+ (F0) or (F5)«(F5)+(F4) o e
0 2 (F2)<—(F2)+(F0) or (F6)< (F6)+(F4)
0 3 (F3)«(F3)+(F0) or (F7)«<(F7)+(F4) NO (OVERFLOW)
ADFO1 1 1 (F0)«(F0)+(F1) or (F4)«(F4)+(F5)
— <« + (F5
1 2 (F3)«—(F3)+(F1) or (F7)«< (F7)+ (F5) (T reAN Yy (o)
1 3 (F2)«<(F2)+(F1) or (F6)«(F6)+ (F5) oo T AN PROGRAM
ADF 32 2 1 (F3)<—(F3)+(F2) or (F7)<’*(F7)+(F5) AND SKIPS ONE INSTRUCTION
2 2 (FO)«—(F0)+(F2) or (F4)<(F4)+(F6) Fio. 15 BCD file addif lo of (FO) < (FOFH(F1)
. a -
2 3 (F1)—(F1)+(F2) or (F5)«(F5)+(Fe) "9 lle addition (example of (FO)
151413121110 9 8 7 6 5 4 3 2 1 0
ADF23 3 1 (F2)<—(F2)+(F3) or (F6)«(F6)+(F7) (ko) o [JT T ITTIITTITTITT1]
3 2 (F1)«(F1)+(F3) or (F5)—(F5)+(F7) - 1A
o ey [TTTIT T IITITIT]
3 3 (FO)«—(F0)+(F3) or (F4)«(F4)+(FT7)
15 BCD ADDITION MIN
Note 3 : The arrows show how the file is changed.
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12. BCD Subtraction of Files

Program Operation

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).

It has the same program procedure as BCD addition,
performing subtraction by. adding the 1's complement.
When the borrow is 1, BCD adjustment is performed by
adding 10.

File selection of the files FX1 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
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 (F7,5~F7;,) < (F7,5~F7,,) — (F5;5~F5,,)
is shown at right:

MIN EQU 12
J EQU 2
LZ 1
BM SBF 32
] Instruction 1 < Return if overflow |

l Instruction 2 < Return if no overflole

13. Sign Change of file

Program Operation

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.

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 FO is inverted as shown.

SIGN EQU 12

LZo
BM SCFO

Fig. 16 SNFMA and SNFMI program lists

45 ke kKoK oK ok 3 koK ek 3k K oK ook kKo 3 3k kR ek ek ok ok 3k ok ok ok ok 3k ok ok 3Kk ok kR ok koK K Kok K
46 *SUBR: SNFMA SKIP NON-ZERO FILE FX(0=MAX)eNEsO ? *
47 ok ok ok ok K K K K Kk K KKK ok s Hk sk ok koK o Kk ok ok sk ok Kok K K K ok o KK kKR KoK
48 17 0C7 SNFOMA LXY 0sMAX FO(O0~MAX)eNEeO ? OR F4(0-MAX)eNE-O ?
49 18 OD7  SNF1MA LXY 19yMAX F1l(O0=MAX)eNEeO ? OR FS5(0-MAX)eNE+O ?
50 19 OE7 SNF2MA LXY 23 MAX F2( 0=MAX)eNE«O ? OR F6(0-MAX)eNE.O ?
51 1A OF7 SNF3MA LXY 39MAX F3(0=-MAX)eNE«O ? OR FT7(0=-MAX)eNELO ?
52 18 0BO SNF4 LA 0 (A) =0
53 1C 026 SEAM SKIP IF (A)eEQe(M(DP))
54 1D 045 RTS RETURN IF FX(0=MAX)eNEeO
55 1E 068 XAMD O (A)Y=(M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
56 *WOx1F 11B BM SNF 4 ACTS AS INSTRUCTION B ON PAGE 14
57 20 044 RT RETURN IF FX(O0-MAX)eEQeO
58 * END OF SNFMA
59 *
60 ek ok e o ok o ok kool Kok ok i oKk K oK ok ok s KK ok ok ok ok sk o ok ok ok Kok ok ok kK ok ok ok ok ok ok o K ok K
61 *SUBR: SNFMI SKIP NON=ZERO FILE FX(MIN=15)¢NE-O ? *
62 Aok o 3ok ok ok o ok ok oK OK K e s Rk R ko K ook A koK K ok ok ok KoK K o 3k K ok o ok ok o 3k ok o oK ok o ok K o ok K
63 21 0OCC SNFOMI LXY OsMIN FO(MIN=15)eNE.O ? OR F4(MIN=15)¢NEsO ?
64 22 0ODC  SNF1IMI LXY 1sMIN FLI(MIN=15)eNEeO ? OR FS5(MIN=-15)eNE.O ?
65 23 OEC SNF2MI LXY 2yMIN F2(MIN=-15)eNEeO ? OR F6(MIN-15)eNECO ?
66 24 OFC SNF3MI LXY 3sMIN F3(MIN=-15)eNEeO 7?7 OR F7(MIN=15)eNEeO ?
67 25 0BO SNFS LA Q (A)=0
68 26 026 SEAM SKIP IF (A)sEQe(M(DP))
69 27 045 RTS RETURN IF FX(MIN=15)e NE&O
70 28 06C XAMI O (A)=(M(DP))e(Y)=(Y)+19SKIP IF (Y)=15
T1%W0*29 125 BM SNFS ACTS AS INSTRUCTION B ON PAGE 14
72 2A 044 RT RETURN IF FX(MIN=15)eEQ.0Q
73 * END OF SNFMI
74 *
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Fig. 177 ADF, SBF and SCF program lists
75 Ao ook ok sk ok KoK K ok ok ok i kKRR Kk K oK s K o K K ok K K ok K ok Kok Kok R oK R ok sk ok sk ok ok ok ok ok kK
76 *SUBR: ADF BCD ADDITION OF FILE FXL(MIN=15)=FX1(MIN=15)+FX2(MIN-15)x%
77 o ok ok kK K K K Kk HOK ok ok ok KKK 3K o oK o kKO 3 ok 3 ok K kK K R KOk ok ek ok Rk K ok ok ok 3K ok ok ok ok K K K oK oK ok sk ok
78 23 0CC ADF1l0 LXY OsyMIN J=1: F1(MIN=15)=F1(MIN-15)+FO(MIN=-15)
79 * J=2t F2(MIN-15)=F2(MIN-15)+FO(MIN=-15)
80 * J=3: F3(MIN=-15)=F3(MIN-15)+FO(MIN=-15)
81 2C oDC ADFO1 LXY 19MIN J=1: FO(MIN-15)=FO(MIN-15)+F1(MIN-15)
82 * J=2: F3(MIN-15)=F3(MIN-15)+F1(MIN=-15)
83 * J=3: F2(MIN=15)=F2(MIN=-15)+F1(MIN-15)
84 2D OEC ADF32 LXY 29MIN  J=1:! F3(MIN-15)=F3(MIN-15)+F2(MIN~15)
85 * J=2! FO(MIN-15)=FO(MIN-~15)+F2(MIN-15)
86 * J=3: F1(MIN=-15)=F1(MIN=15)+F2(MIN=-15)
87 2E OFC ADF23 LXY 39yMIN J=1: F2(MIN-15)=F2(MIN-15)+F3(MIN=-15)
88 * J=2: FI1(MIN=-15)=F 1 (MIN=15)+F3(MIN=15)
89 * J=3: FO(MIN=-15)=FO(MIN=15)+F3(MIN-15)
90 2F 048 RC (CY)=0
91. 30 064 ADFOl1l TAM J (A)=(M(DP))
92 31 0A6 A 6 (A)=(A)+6
93 32 00F AMCS (A)=(A)+(M(DP))+(CY)s (CY)=CARRY
94 33 0AA A 10 (A)=(A)+109SKIP IF CARRY=0sBCD ADJUST
95 34 000 NOP (A)=(A)=-6
96 35 06C XAMI J (A) EX (M(DP))s(Y)=(Y)+1,ySKIP IF (Y)=15
97 *WO*35 130 BM ADFO11 ACTS AS INSTRUCTION B ON PAGE 14
98 37 02F szC SKIP IF (CY)=0
99 38 044 RT RETURN IF OVERFLOW
100 39 045 RTS END OF ADFO1
101 *
102 a3k 3 e o ok o K o ke o s o o e s ek oK o ok ok 3k o ok ok ok ke o ko K ok sk koK ok ok koo sk ok ok ok ok ok ok ok ok ok ok
103 *SUBR: SBF BCD SUBTRACTION OF FILE *
104 * =FX1(MIN=15)-FX2(MIN-15) *
105 s 3Kk sk o sk o 3 ko ok ok 3k ok 3k 3 ko o ok ok sk ok ok e ek ok e k3 ok sk 3k ol 3K e s sk e ke ok sk 3 ok e ke ok sk o sk o sk ke ok ok K
106 3A 0CC SBF10 LXY OeMIN J=1: FL(MIN-15)=F1(MIN-15)-FO(MIN-15)
107 * J=2: F2(MIN=15)=F2(MIN-15)=FO(MIN-15)
108 * J=3: F3(MIN=15)=F3(MIN=-15)=-FO(MIN-15)
109 3B oDC SBFO1 LXY 1eMIN J=1: FO(MIN-15)=FO(MIN-15)=F1(MIN=-15)
110 * J=2: F3(MIN-15)=F3(MIN-15)=-F1(MIN-15)
111 * J=3: F2(MIN=15)=F2(MIN=15)-F1(MIN=~15)
112 3C OEC SBF32 LXY 29MIN J=1: F3(MIN-15)=F3(MIN-15)-F2(MIN=15)
113 * J=2: FO(MIN=15)=FO(MIN=-15)=F2(MIN-15)
114 * J=3: F1(MIN=15)=F1(MIN=15)=-F2(MIN=15)
115 3D OFC SBF23 LXY 3eMIN J=1: F2(MIN=-15)=F2(MIN=-15)~F3(MIN-15)
116 * J=2: F1(MIN=-15)=F1(MIN=15)=F3(MIN=15)
117 * J=3: FO(MIN=-15)=FO(MIN-15)=-F3(MIN=-15)
118 3E 049 SC (CY)=1
119 3F 064 SBFOll TAM J (A)Y=(M(DP))
120 40 08F CMA COMPLEMENT (A)
121 41 OO0F AMCS (A)=(A)+(M(DP))+(CY)e(CY)=CARRY
122 42 OAA A 10 (A)=(A)+10¢SKIP IF CARRY=0¢BCD ADJUST
123 43 06C XAMI U (A) EX (M(DP))e(Y)=(Y)+1sSKIP IF (Y)=15
124%W0*44 13F BM SBFO11 ACTS AS INSTRUCTION B ON PAGE 14
125 45 02F SZC SKIP IF (CY)=0
126 46 045 RTS END OF SBFO1
127 a7 044 RT RETURN IF OVERFLOW
128 *
129 k3 ok 3k ok 3¢ 3 ok 3 3K 3k ok o o 3K ok 3k 3K ok ok 3K K 3 ok 3k ok oK oK ok sk ok oK oK ok 3K ok ok sk ok sk ok ok ok Kok K k3 ok ok ok o 3 ok ok ok ok X k
130 *SUBR: SCF SIGN CHANGE OF FILE FX(SIGN) EX *
131 oK o o ok 3k ok ok K o ek ok ok O ok ok oK ok 3 oK K o ke ok e sk koK e 3 Sk ok sk ok ok ok ok ok ok ok kol o K ok o sk ok ook ok ok ok K
132 48 0CC SCFo LXY 0+SIGN FO(SIGN) EX
133 49 oDC SCF1 LXY 19SIGN F1(SIGN) EX
134 4A OEC SCF2 LXY 29SIGN F2(SIGN) EX
135 4B OFC SCF3 LXY 39SIGN F3(SIGN) EX
136 4C 0B8 LA 8 (A)=8
137 4D 00A AM (AI=(A)+(M(DP))
138 4E 060 XAM 0 (A) EX (M(DP))
139 4aF 044 RT END OF SCFoO
140 *
141 *#H#HA#H#AERS  ( MELPS 4 LIBRARY END ) #####4####X
142 END
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SINGLE-CHIP 4-BIT MICROCOMPUTER
(M58840-XXXP) IN A MICROWAVE OVEN

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 M58840-001P.

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.

STAND-BY
UNTIL DEFROST COOK 1 COOK 2 TERMINA-
STARTTIME [ (DerR) {] (COOK 1) [} (COOK 2) [™] TiON
(S. TIME) |

As soon as one process is completed, the next process
is started, skipping those processes that are not
designated, until finished. In addition, the clock can be
used as an independent timer.

(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.

(5) 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 set time, the system

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 power, temperature and time can be
selected for this process. |f no specific power is desig-
nated, the oven automatically uses a 100% setting. The
operating temperature can be selected in the range of
35°C~95°C. 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 terminates 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~K,
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 100ms 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 100ms that there were no keys depressed.
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The following 22 keys are provided: defrost (DEFRY),
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 (S. TIME) and numbers (0~9).
(2) Time detection input: K3
This input is used to count the time. Rectified AC
waveform from the power source is applied.
(3) 50/60Hz switching input: Kg
This input is used to compensate for the power source,
50Hz or 60Hz.
(4) Temperature sensor input: Ky
Voltage appropriate to the temperature is applied from
the thermistor located in the temperature probe.
(5) Temperature probe SW input: Kg
This input is used in checking whether the temperature
probe is operating.
(6) Door SW input, K,
This input is used to check whether the door is open.
(7) Touch keyboard comparison voltage setup input: Ki,
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: D4
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: D3
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: Dg
There are three buzzer-control outputs.
0.2-second buzzer .
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

. . This buzzer is activated each

intermittent actuation for a period of 3 seconds when
the timer completes its counting or the cooking
process is completed.
(4) Fluorescent display tube: S;~S,, Dg~Dy, D,
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 S ports.)
The display is activated dynamically, and its duty is

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,

EENEYN
G5:58
(5) LED display: So~S7, Do

Key entry number or the cooking mode is displayed on

the LED, and the contents of one or more of the

following are displayed: [S. 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, Dg~D,
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 D, 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

DISPLAY
1ST STEP (CLOCK) . ,’__,’
2NDSTEP (1 ) III
3RDSTEP ( 2 )
4THSTEP [ 3 ) 2
5THSTEP ( 4 )

6TH STEP (START)

j{uy
M | N 1IVT]
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APPLICATION OF MELPS 4

SINGLE-CHIP 4-BIT MICROCOMPUTER

(M58840-XXXP) IN A MICROWAVE OVEN

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 O
~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 0. Deviating from this
will cause an error. )

Example of key entry (2)
KEY DISPLAY
1ST STEP (POWER)

2ND STEP (GOOK 1) {goe
3RDSTEP ( 2 ) E’ 8 P
4TH STEP (COOK 2) . L

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
~095°C. Exceeding this range will 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 DISPLAY
1ST STEP (CLOCK)

2ND STEP ( TEMP )

3RD STEP (COOK 2)

4TH STEP (COOK 1)

kI
wliry
Cfn ||m [jon

BTH STEP {POWER)

6TH STEP (COOK 2)

Ly
]
"0

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 M58840-001P is shown in the following
illustration.

START

L

RAM CLEAR
PRESET THE
MAGNETRON DUTY

TEST EACH SWITCH
MEASUREMENT OF
TEMPERATURE
COUNT UP SECONDS
COUNT UP HOURS
AND MINUTES

WAS A KEY
DEPRESSED 2
No

TIMER COUNT

KEY IDENTIFICATION

START TIME CHECK
EXECUTION OF COOKING PROCESSING FOR
1 DEPRESSED KEY

l.—__l

ZERO SUPPRESS
DYNAMIC DISPLAY
COUNT UP SECONDS

BUZZER CONTROL
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SINGLE-CHIP 4-BIT MICROCOMPUTER

(M58840-XXXP) IN A MICROWAVE OVEN

8. Routines for Other Applications
Program routines of the M58840-001P that may be suita-
ble for other applications are shown below.
(1) Temperature measurement
After measurement of the temperature, the data, output
as H and L signals, is converted to BCD.
(2) Counting seconds
Up to 60 seconds can be counted by supplying the
power-supply waveform to the Kiz 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) 0.5-second flickering
Display ‘/C"" or the LLED can be flickered in units of
0.5 seconds.
(9) Count of time
The time settings can be decremented each second, and

used to terminate or start operations when the count
reaches 0.
(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 PCAO402 in regard to capacitive touch-keyboard
operation. The diode Dy, is provided to prevent counterflow
because D, 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 A/D conversion
circuit are contained in the M58840-XXXP. The wide range

of S ports and high maximum output voltage of the S and

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.

APPLICATIONS EXAMPLE (microwave oven 8 N
z
M58840-001P) FoMoZ
A 3 L
N G R 3 3 10k x12
‘t T I R21|Ra22|Ra3|Ras [Ras |Rzs | o7 |Ras| Ras] Rao| Rarf Rae)
Rss xDz Ds D,_f
c, 10PF| N D,
D |
{TOUCH PANEL) [ s 9 ] ,—!——
0
R o | 8
e b
2
Re ar |y s
3
Be r S (FLUORESCENT TIME. POWER. TEMP
Re | DISPLAY TUBE)
s 10k
fr o | YYYYYYY Y0 -5(MC0IX8)
s ) 4 }z YYYYY VLED-3 —30v
Rs WLl ul w Wl wl %
7 2 3 3.3k X8
"Aﬁ‘,“ 70V T, M58840- i3] ise|Rs| Ras| 7| Rag| R )
H—IF 0otP (MODE DISPLY)
—1$v D Ra1
Tk
2 }
wnogk ;‘zzk 10k kel 0—30V
;(2.2._ ZRZ'l: —15V
2
255%3 A VREF[Zoog s VR
-
o o2 Kg o oS TEMP PROBE SW
D; Kq o o3W2 50/60Hz SW
e Do K032 | poor sw
it A ~185V
5580 Rag
R
AC WAVEFORM R “
3309
(HL SET CIRCUIT FOR
TOUCRH KEYBOARD)

(AC RECTIFYING CIRCUIT}

(TEMPERATURE-
DETECTION CIRCUIT)
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MELPS 8/85 PROGRAM LIBRARY

SUBROUTINES

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 0010 00t10010
3 0011 00110011
4 0100 00110400
5 0101 06110101
6 0140 00110110
7 0111 00110111
8 1000 00111000
9 1001 00141001
A 1010 01000001
B 1011 04000010
o] 1100 01000011
D 11019 01000t00
E 1110 01000401
F 11141 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 ASCIl-coded hexadecimal symboil ‘0’ ~‘F".

The result is retained in the A register. Registers B,

C, D, H and L are not affected.

Register Status

Register Contents at start Contents at return
Binary number to be converted .
A in the low-order 4 bits 8-bit ASCII code
BR%n%' LE Contents at start
Flow Chart

START

CLEAR HIGH ORDER
4 BITS IN A REGISTER

YES NO

CONVERT TO A~F
IN ASCII CODE

CONVERT TO 0~9
IN ASCII CODE

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 00~FF) to the 2 corresponding 8-bit

ASCll-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 symbol

C Binary number to be converted Binary number to be converted

H 8-bit ASCII code for the high-order
hexadecimal symbol

L 8-bit ASCIl code for the low-order
hexadecimal symbol

B.Dand E Contents at start
Flow Chart

START

(A)<—(C)
I
BTA
I
(L)=(A)
1
(A)—(C)

1

CONTENTS OF THE A REGISTER
SHIFTED 4 BITS TO RIGHT

BTA

I
(H)—(A)

RETURN

Program Listing

l l 1 2[3[a]s e [7]sTsTval1\[i2[i 3115 i 3]s ssf0f2 fae3fedlesleelzrzalzs]3031 [3z]33

ko I SR RS S T R N A

d *: \*|*\*| su|B| |B|T1A2|)| l*l Ll E T S N N N R 1 1. Y

, % _*B.INARY, .TO [TWO ASCII, CHARACTERS

Pr°gram LlSting *I | 11 i1 | ) I T -t : I T I T Y I T I | i 1

1 [2[3[a 56 7[8] o1l 12 13] 4] 5] 16[17] 18] 19]20[21[22]23[24]25[26]27]28 29303 1]32[33] BTA2 OV, ., IA-C ., . . i

*I N N | N N I | I TN I T U o O N W Y S | S TN R R I | C|A|L\L| 1 B|T|A‘ L1 1 :‘ U S R RS R R A O | : L1

*I I*I*l*l SUIBL(IBITIA)I 1*41/J§IIINIAIRIYI ITIOI IAISICJ'IIJ [ ) MIOIVL 1 L"'AJ L1 :v [N N A RN U A | E 11

*IIIII L1111 ) SN 1N D TN T T (N I Sy | L MJO|V||| A|’|cl|113|1|1|1111;||

BTA ., | ANI, OF# .,y i o L LRRC b b

5 ) P O I cIPI|I L1 1Iol N T I I N Sy T ey o | 0 AR RN ! R|R|c| [t R N B | L | I N T S N S D O : 11

o VWINC L B L IRRE

o JAD L 1480 s JIRRG

o [RET ..l lcALL  BTA

|§|1| 11 A|D||| 1t 5|5| N TN T N T TN U N N N SN S N N N | L4 MO,V, Ll H’|A| L é [ B S E FE

ol I RET L Y P =5 A I A
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SUBROUTINES

1.3 ASCI (1 Character) to Binary (4 Bits)
Conversion (ATB)

This program converts the 8-bit ASCIl code in the C
register {a hexadecimal symbol ‘0'~‘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 B, D, E, H and L are not
affected.

Register Status

1.4 ASCII (2 Characters) to Binary (8 Bits)
Conversion (ATB 2)

This program converts the two 8-bit ASCIl codes in the
H and 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 (0~255,,). 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 ‘0'~'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 Register Contents at start Contents at return
Hexadecimal number in binary A 8-bit binary number
A form in the low order 4 bits {2'hexadecimal digits)
ASCIl coded hexadecimal symbol | ASCIl coded hexadecimal B 4-bit binary number in the high-order 4-bits
D to be converted symbol to be converted conversion of high-order hexadecimal symbol
Contents at start c Low-order ASCIi coded hexadecimal
B.D.EHand L ontents at star symbol to be converted
High-order ASCII coded hexadecimaljHigh-order ASCII coded hexadecimal
H
symbol to be converted symbol to be converted
Flow Chart L Low-order ASCII coded hexadecimal|Low-order ASCIl coded hexadecimal
symbol to be converted symbol to be converted
D and E Contents at start
(A)—(c) Flow Chart

A z27

(A)—(A)—55

(CY2)SET TO1
AS ERROR FLAG

( RETURN ’

Program Listing

| (C)—(H) )

I
ATB ”
YES

NO

CONTENTS OF THE A REGISTER
SHIFTED 4 BITS TO LEFT
1
(8)—(r)
i
[ (©)—()
1
ATB

|

]
1l
YES

NO

| (A)—(A)+ (B) |
la

112[3]a{s e 7]esTvolnis2[i3r 415  e[s] 81920z [22ealeaes e e 2eloe 3013 1 3253 —
(I R L1 FE : TR N B W I B : I N .
* *** |SUB(ATB)| ,_*/ASCI1,_TO BINARY, Program Listing
. L T . 172][3]a]5]6]7 8[9[|ol||l|z]|3|4]|5I1s||7I|8]|9[20;2|lzzlzal24}25]25[27|28]29[3o!3|lazlsa
ATB, | | Monvn L AC T o L1 RS S A A AR A R R R S|
[} S c.P‘|| i 6‘5, L : L L *1 l*L*L*L SUJBI(IALTIle)I 1*\ L i f N S T N N S N W E il
NG A e %,_,/TWO |ASCI1, CHARACTERS TO B,INARY
[ c,PJIl L 7,1‘ L 3 Ll Ll * T St [ i é I T T O B B i )
L JNC A8 . ' ., Ll L 5 ATB2 | oV, CoM
Ly SuU 'J . 55 : Lo L T C\AILIL\ L AIT\BI L é 'E T T Y : 1
L1 |7 A,N,A‘ L A| 1 Lol g g Ll Lol Rlcl [ [ | : T R Y N S L
10 R|E|T‘ L L1 L L4 T I RILICI L1 I\I\Ii::ll\ll\lll L
A.‘. Lo C.Pll L 4,8, L Ll Lol 41 R‘L,C, L [ | : N T T S T T S Y L1
IR S| J.C. L1 A,3, I L4 g g L Ld 1o RILch L R B | i T TR R U N U AR Y L1
...l lept, B8 T A T A A
L (11 JINLCI L A|3| IR TR OSSR N NN U B S [ | e 'o'v' Lt Ig‘, ‘A' L1l i e L
21 Lt slul.! 1 L4'8! L T S N Y N N Y N Loy TR olvl L cwi le L 1
|5.‘...A‘N,A,,,A,l,‘,l,,,llll[,l,\ Loy [ICALL  ATB L
L ™ W R,E,T, L Lt L Lt 11y 15 p—t—tttL RC . WA B A SR R A Ll
A 34 L1y |s|T|c| Loy Lot Y O S A L s T S AIDIDI 1 B\ T R | E TN R T N T R | Lt
. | RET | o T I RET L
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2. SORTING PROGRAM (SORT)

This program sorts records {1 byte in length) in descending
order. Up to 65 635 records can be sorted. The binary num-
ber 255, 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 ORD and ORD+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
D Memory address for storing data after ves
E ranking yes
H yes
C Memory address of data to be ranked Ves

Symbolic Memory Address

Flow Chart

START

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

CALL RECORD TO BE RANKED
FROM ADDRESS j

COMPARE (i) AND (j)

YES

(ORD)=0
?

LOAD REGISTER A WITH DATA
OF THE kth RANKED RECORD

Symbolic address Use during execution [No. of bytes | Contents changed ( RETURN )
ORD k (the rank of data to be recalkeciL 2 no
LOWER RANK BY 1
§ PRO Storage area for records to be
s sorted (PRO is the first address) | " no Kemk+1
2
3 Storage area for sorted data
MAX (MAX is the first address) n+ ves
DADD |Address in PRO of record 2 no INCREMENT i TO NEXT ADDRESS
being sorted
@
8
g RADD | Address in MAX for storing 2 o
g result
g
8 {m1 Address of record to be ranked 2 yes LAST RECORD ?
M2 Address of record being compared 2 yes
COUNT | Counter for number of records 2 yes
STORE DATA OF RECORD j IN
OQUTPUT FILE CORRESPONDING
TO ITS RANK k
INCREMENT j TO NEXT
ADDRESS
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Program Listing

1T2[3] 4] 5[ 6] 7[ 8] o]val1)]1213[14]15] 16|17 18] 19202122 23] 24]25]26]27] 28] 29 30[31]34 33 112]3]4]5]6]7]8]9ro]1112[13]ia]1s]i6]i7]18]19]20]2 [22f23[24]25]26]27| 282930 313733
*1 | ] ) I I S - ) ) I I N | 5 0N N T I A I | ? J R|5| 11 e |IleI 11 DLJ : | T I Y W ) : I T 'l
*I I*I*I*I s uIBARIqUIT I lNEl (ls]qR:Tl )\ l*ﬁl*l 1y : 3o Rle\ 1.1 1 . LNIXIALAI Hl 1 ‘I | DO S N VU T DO B i | U S |
*I I | Y S S ) ) T I T T | :: I TOUU S T Y S S i i1 N I | JMIPK L1 RIQL : T N I S OSSN : N T S I |
*l l/lslqR T I INIG IPIR QGRJAM 1 : 1 : *I | -] B W | L1 E I T DY S O S S I ) é I S O W |
5*I 0 I -} | T T ) ) T S T | ‘:r 1 ? GCRI7I 11 I'IHII'IDI L |11 H I I ) ; | S T .|
) N A | NA(M 11 SKQRJTI..]NI..’"I ................. o R I I I | I llelgl 1 Hl_l;.g TS WY N I N W S ; | T I I |
*l 1 <IUIsIE R s IDIA|TIA IAIRIEJAI )V E*l Y L4 1] ¢ MioleAI 1 ALIB: T I I Y O N I '} : U S S S |
qRIDI 11 DIA|DIRI 1 ol id 4 1 ) i 1 ) Y I W | <l§ATlAlxl 1 D| 1 .; | T U O S B} IAL S S N |
Plqu L1 DIEI FI L1 1 F I I I V. E i Y N T XICIH\GI 1 11 e I W N TN IO N ) 3 S T S T 1
ol | DEF . 1585 | . |, : gotaa o | LHLD  ICOUNT , , . . .\, .. ...
L1 DEF, |, [1,00 j i i i bt L1y JNX, MW
Il 1 1 1 DIEIFI i1 ’Isl lv 11t : 1 “ | Y T W 'S JMIPI A Rl1_L é NS I I WU A Y I T} j 1 1 I‘ i1l
| T I I?l 11 1 ) I N I | ] 1 *J j I N I R - | L1 : ISR T S N TOUON T S ) : B T I W |
) I 'l IE | ) ) T ] . | 1 RIBI B - -] L\HII'IDI 1 cIOIUEN\T! I N S T T .} § ) N T S |
oo | IDEF ) ol I XCHG [
MAX |, | B:snsx L. MA _‘p,R,O"; Lot LHLD, | RIAADIDI T N B B 14L [
*I | N N N '} Y I Y N B | é 1 14 1 1 | DIAID\ L1 Dl 1 : | N0 T Y Y N | I;I ) I S |
* ,(CONTROL DATA AREA)>, L OV, , M-A:
DADD , | DADR , PRO , , i Pk TR R SR A SR S Y SR
RADD. . | DADR, . MAX ., sl  [LALD , ORD . . .. ., . ...
M‘l L DlA,D,R, I ow R LLJ B T | M|o|v| L A \L: I N B O N | R R
Mng 1 DIAIQLRI 1 ol ) N T | E_LJ 11 E ] T N | O\RIA? i1 HI 1 E ) N T N S U N Y ' | Y N T |
COUNT | IDADR_, 10 , i v vy 00 o I WZ RO
*l ) N 1 1 1 | S N O 'l E § N I O S PO I | 3 1| T T W | D\clxl L1 HI 1 E I N N N S (N S ] N T N T I |
2% ¥ k%% PROGRAM START x** * T Py AT XCHG |, . ',
*\ | T L WY W W ¥ 1 LL S T T S S O T 1 . § TR N S T 111 1 1 LII'ILIDI 1 HIAVD:D( ) T TN T T N '} ] T S W |
L. ROM | | ‘!J]LJ‘HM.HH@_ L DAD, . | ‘_L} o L
leRATI 1 Ll'leApl 1 DIAIDQL ) I T T T B B | : S I T W I‘I A1) MLOIVI L1 ALM%A § N Y Y I B ) I I I |
I T I T | x\ngIG L Wi | ;_l_l I T S T WO | : | R TN WY S 1 ngl Ll 1 RE].Il'l dorer j : IR TN N Y Y I | N T T W |

30 pttl LIXILLJ L H !.0 TR R R T A A | : Lod ) 1

1

R1 SHLD, , [COUNT, ,  , , , i, L Explanation Keyed to Program Listing

I T S L\HILID‘ 1L RlAIDEDI ) T U I | E 4 yl .

...l IxcHG |, N @ The program name is defined as ‘SORT".

:2~ " M‘évu e A A T I S AV A A @ If column 1 of a statement is ‘*’, it is considered a
& [ ’!!! L TR B

) S ) clEAll 1 FIFIﬁ: § N N I N Y S I f ] T T B § corrfment'

Loay 0 JZ, Rnan ALL [ | ; T AR | ®Def‘nes the value of data.

Lo, | ISHED ML @ The ‘#' in FF# indicates that FF is a hexadecimal
Lo | JLHLD DADD, | o

R3_, .. | MOV,  ACM ., .. ..., number.

. IsHLD , M2, . . ... ... ® Reserves a region to store the results.

L CPI, ,  IFF® | ® The above program is defined as a RAM region because
L (J:II\ZAIP‘ L 2'7' SNSRI RS S its contents are variable at time of execution, and this is
'L—: . Jc Y R e a ROM region because its contents are fixed.

T - JINIZI 11 Rlsl LLI N I N T B | E ) D T I B

) R T | PI”J§AL‘1 1 Plsfw‘L 1 ) N T I [ O I | i ] I N S N |

R T I-.ELAQJ 1 M1\ : S T Y N Y N O | : I T T

[ I'IDJAL L Mzw - [ IJ_LE L141

T W | slu&l i XJLi il : ) T TS T TS IO T : ) R S S |

[ T B LIDIAI 1 |AIM2\+';1A T Y R Y N S | ; Lt

| O S I JIcAI_Ll‘ L Rl4| : | N SO S Y S | ) S S

| N T PIQPI L1 Pslw: N N I S Y S Y B | ) T

[ Ju P| L1 RBA:_IIVJ;IIIJ_L:IFJIVIL

R4 . POP_, PSW ., i
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

MITSUBISHI MICROCOMPUTERS

(PCA 0801) IN DATA TRANSMISSION

DESCRIPTION

Three PCAO801 single-board computers are connected to
form a master-slave microcomputer data-transmission
system. Such a system contributes significantyly 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 PCAO80 1s serves as the master computer,
and the other two as the slave computers that complete
the system. When the No. 1 PPl (C.W.=03y) is set to
mode 2, data is transmitted between the master and either
of the slaves using the I/Q 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
1/0 port PA (PA,~PA,). After receiving the data, the
slave 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

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

Sequ-
ence 0 1 2

Description of the status indicated

0 0 0 System is not transmitting data
0 0 1 Data is being started between the master and
slave computer No. 1.
0 Data is being transmitted between the master and
1 0 slave computer No. 1
Data is completed between the master and slave
0 0 0 R
computer No. 1.
0 ] System is in the idle condition, with no transmission
0 between the master and slave computer No. 2
5 1 1 Data is being started between the master and
slave computer No.2 .
L, 0 ] 0 Data transmission has been completed, having trans-
mitted the data correctly.
L 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 prior to the en-
gagement of the master computer.

PCAO801 SINGLE-BOARD COMPUTER (NO 2 SLAVE) PCA0801 SINGLE-BOARD COMPUTER {MASTER)
PA(O4) |+ 5V-© <—f§~L_ PA(0415)
PPI 8. owee . T
PB(0515) [ 3300
RAM M5L 8255AP s LED 2 L—/\/\N—NZOQM?PEZ
M5L 2111AP PC(0616) fo—r—em
L 4 8 3300 S
PB(0115) - LED w»—/vw——ﬂ—o<]ﬂ 8P oo RAM
oy ——— e e 18.
EPROM_NO 1 PPI P26 ACK A 3300 5 ) M5L 2111AP
(MSIF %OBKD msL 8255AP POs[ 15 W 0 —A/\A,—N—oﬂﬂ 27]PBy PPI |—’
INSTRUCTION PCq| 13 — MSL. 8225AP
STORAGE PC(0216) cp217 —l OBF A I ———
PGl 16 CPE5 1 75) EPROM NO. 2
op2s 187 | w0)Pcs
pesLia A sl M5L2708K)
ey | = PO 060 Earh
M5L3030AP iE . CP8t | solpo, P00 | SERAGE
1 PA(0016) _! cP60 —
2 \ 35)PCo
r 1
6|PBs EPROM NO. 1
PA(0dg) f—rB e T : (M5?.F%£O8K)
INSTRUCTION
RAM PRI PB(0515) |t s (P8 pelle ETORAGE
M5L 8255AP . ep | 2N
iikdiet POWEE) CPBomsL 8255AP
PB(0115) i Pag
——————— JS— v PA(0046) cPU
%!5!’25?“2/17'\(1)%(1) PP Ps (15 226 ACKa Par ‘ MSL. 8080AP
FOR MSL 8255AP cp2a 5TBAl |11 [T
INSTRUCTION ¢ —
STORAGE Potzie) | 1 | .ep21 OBFa [
oy PCsl1a ) CP25  1BFa | zg‘ PG (021)
e ek 0
M5L. 8080AP oan( 17 PG
L PADE) 1| '
Pa;( 24
DA
PCAO801 SINGLE-BOARD COMPUTER (NO. 1 SLAVE)
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

Fig. 2 Master microcomputer flow chart

MASTER STARTS
INITIALIZE MODE
OF PPI

D
NO

@ INITIALIZE (D)(E)
TO THE TOP ADDRESS
OF ROM

R
Tes NO 2
INITIALIZE VALUE RE-STORE STORED INCREMENT j\
. DATA IN RAM NO
OF STACK POINTER GATA AREA {COUNT) AOM) =(RAM >——
! YES
MOVE DATA DECREMENT INCREMENT
TO WORK AREA C REGISTER ) (D)(E), (H)(L)
NO
LOAD 2 @ DECREMENT
IN B REGISTER C REGISTER
; YES
TRANSMISSION INCREMENT DATA
TERMINATION 0
CALL TIMEC ERMINAT 0 STORAGE ADDRESS N @
{65 DELAY)

YES
: Ty
N
SEND READY TO TRANSMISSION
SL1 (=69 16}
7 CALL TIMEC v
(5s DELAY) OUTPUT (COUNT)
CALL TIMEC T TO 1/0 PORT 04 15
(100ms DELAY)
T SEND READY TO SL2 :
(=69;¢)
RECEIVE ACK NOP
FROM SU1 (=6B1g! '
CALL TIMED L
NO (100ms DELAY)
ACK=6B1g ‘ r_———
RECEIVE ACK FROM TrANDICATE
DATA -
UNALLOWABLE TranAsioN SL2 (=6B1g) ERHOR
TRANSMISSION INITIALIZE )
l : ACK=6B1g2
LOAD 200
NOP IN C REGISTER YES
DATA
L k———@ TRANSMISSION UNALLOWABLE
INITIALIZE TRANSMISSION
CALL MO (MASTER
DATA OUTPUT) l !
SET (H){L). (D)E) TO
! RAM TOP ADDRESS NOP
CALL TIMED T
(100ms DELAY) J
T DECREMENT
B REGISTER
CALL MI (MASTER
DATA INPUT)
STORE INPUT DATA IN
TEMPORARY AREA LOAD 200
IN C REGISTER
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

Fig. 3 Slave microcomputer flow chart

SLAVE STARTS 0

INITIALIZE MODE NO
OF PPI
YES
4 A
N (a-tsonTom
'
INPUT READY
FROM 1/0 CALL SO
PORT 0016 (SLAVE DATA OUTPUT)
NO NO
(A)=6915>
YES YES
\
OUTPUT
MOVE DATA IN
A <6|%1°) SCRATCH-PAD AREA COMPLEMENT CARRY
PORT 001g TO RAM DATA AREA
CLEAR WORK AREA INCREMENT
(H)(L)
/
INITIALIZE 202 1 ALL 200
IN (D)E) n%-\r/eeso
|
! — @
INITIALIZE
RAM TOP ADDRESS NOP
IN (H)L)
CALL SI

(SLAVE DATA INPUT)

!

INVERT INPUT DATA
AND STORE IN

SCRATCH-PAD AREA
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MUI.TICOMPUTER SYSTEM

MASTER MICROCOMPUTER MAIN PROGRAM LIST
**CROSS ASSEMBLER OF 8-BIT MICROPRUCESSOR

0070 0081 3ACC40 ) LDA FLAG
0001l#xx MASTER MICROCOMPUTER MAIN PROGRAM **x 0071 0084 B7 ORA A
0002 0400 ROM2ST EQU 0400# 0072 0085 C20101 JNZ SUM
0003 4000 RAMST EQU 40004 0073 0088 3ACE40 LDA TEMPRY
0004 40C8 DSTNT1 EQU 40C8# 0074 0088 EB XCHG.
0005 40CA DSTNT2 EQU 40CA# 0075 008C 77 MOV MrA
0006 40CC FLAG £Qu 40CC# 0076 008D 0D DCR C
0007 40CD COUNT  EQU 40CD# 0077 008E EB XCHG
0008 40CE TEMPRY EQU 40CE# 0078 008F C2FCOO JNZ YET
000 9% 0079 0092 3E00 MVI AsyQOH
0010% 0080 0094 D305 out O5#
0011 0000 ORG 0000# 0081 009 78 MoV AsB
0012 0000 3EC2 MASTER MVI AsC24 0082 0097 FEOZ2 CPI 02#
0013 0002 D303 ouTt O3# 0083 0099 C2CFOC JNZ S2END
0014 0004 3£01 MVI AsOl# 0084 009C CD1201 CALL TIMEC
0015 0006 D303 ouTt 03# 0085 009F 3E69 MVI A+169#
0016 0008 3EO03 MV ArO3# 0086 00Al1 D300 ouT 00#
0017 000A D303 out o34 0087 00A3 3E02 MVI AyQO24
0018 000C 3E80 MVI As80K 0088 00A5 D303 ouT 03#
0019 000t D307 out oT# 0089 00A7 3E02 MVI ArD2¢#
0020 0010 3E00 MVI AyQO# 0090 00A9 D307 ouT oT#
0021 0012 D305 out O5# 0091 00AB 3C INR A
0022 0014 3EFF MvI AsFF# 0092 00AC D307 ouTt oT#
0023 0016 D306 ouTt o6# 0093 00AE 3EO03 MVI As034#
0024 0018 3EAA MVI AyAAY 0094 0080 D303 out 03#
0025 001A D304 out 04# 0095 0082 CD2EOl CALL TIMED
0026 001C 31FF40 LXI SPy 40FF # 00S$6 0085 3EOA MVI AsOA#
0027 001F 0602 MVI B8y2 0097 0087 D307 ouTt o7#
0028 0021 21DDO1 LX1 He X 0098 0089 3E00 MVI AsOO#
0029 0024 22C840 SHLD DSTNT1 0099 0088 D303 ouT 03#
0030 0027 21ES501 LXI HyY 0100 008D 3C INR A
0031 002A 22CA49 SHLD DSTNT2 0101 00BE D303 out 03#
0032 0020 AF XRA A 0102 00CO 3EOB ‘ MVI A,OB#
0033 002E 32CE40 STA TEMPRY 0103 00C2 D307 out 07#
0034 0031 32CD40 STA COUNT 0104 00C4 DBOO IN oo#
0035 0034 3ES59 MVI As59# 0105 00Cé6 D668 SUI 6B#
0036 0036 32CC40 STA FLAG 0106 00C8 C20801 JINZ NOCOMC
0037 0039 CDl201 CALL TIMEC 0107 oocCB 3EOQ7 MVI AsO7#
0038 003C 3E69 MVI A+69# 0108 00CD D30S ouTt 05#
0039 003E D300 out 00# 0109 OOCF 210040 S2END LXI HyIRAMST
0040 0040 3E02 MVI AsO2# 0110 00D2 54 MoV DsH
0041 0042 D303 out 03# 0111 00D3 5D Mov EsL
0042 0044 3EOQO0 MVI AsOO# 0112 00D4 05 DCR B
0043 0046 D307 ouT O7# 0113 00D5 C27200 JNZ RPT2
0044 0048 3C INR A 0114 00D8 OECS8 MVI Cy200
0045 0049 D307 out oT# 0115 O0DA 110004 LXI DyROM2ST
0046 004B 3E03 MVI AyO3# 0llée 000D 1A SCAN LDAX D
0047 004D D303 auT 03# 0117 O0ODE BE CMP M
0048 004F CD2EO1 CALL TIMED 0118 OODF C2FS00 JNZ TRMERR
0049 0052 3EO08 MVI AyOB# 0119 00EZ2 13 INX D
0050 0054 D307 ouT O7# 0120 00E3 23 INX H
0051 0056 3E00 MVI Ay»OO# 0121 00E4 0D DCR C
0052 0058 D303 ouT oO3# 0122 00E5 C2DD0OO JNZ SCAN
0053 005A 3C INR A 0123 00E8 3EO02 MVl As02#
0054 0058 D303 ouT 03# 0124 00EA D305 ouT O5#
0055 005D 3E09 MVI ArO9# 0125 OOEC 3ACD40 NO2 LDA COUNT
0056 00SF D307 ouT C7# 0126 O00EF D304 ouT 04#
0057 Q061 DBOO IN 00# 0127 OOF1 00 NOl NOP
0058 0063 D66B Sul 6B# 0128 00F2 C3F100 JMP NO1
0059 0065 C20801 JNZ NOCCHC 0129%
0060 0068 3E01 MV1 AsOla 0130 0OF5 3E04 TRMERR MVI AyO4#
0061 006A D30S GuUT oS# 0131 00F7 D305 out o5#
0062 006C 210004 LAl HsRCM2ST 0132 00F9 C3ECOO JMP NO2
0063 006F 110040 LXI DyPAMST 0133%
0064 0072 OECB RPT2 Myl Ce2% 0134 O0OFC 23 YET INX H
0065 0074 7E RPT1 "oy X1 0135 00FD 13 INX V]
0066 0075 CLS5501 koL w7 0136 OOFE C37400 JMP RPT1
0067 0078 CD2EO1 ChoL TImED 0137
0068 0078 CD6001 Thoo M) 0138%%xx NO-PASS SUM *xxx
0069 O07E 32CE40 ST TEMPRY 0139x*
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0140 0101 3ACD40 SUM LDA COUNT 0211

0141 0104 3C INR A ‘0212 0160 DS MI- PUSH O
0142 0105 32CD40O STA COUNT 0213 0161 110202 LXI Dy202#
0143 0108 C37400 JMP RPT1 0214 0164 CDA201 CALL DECODI
0144x% 0215 0167 DBOO IN 00#
0145x% 0216 0169 D1 POP 0
0146%%xx NOCOMMUNICATE xx* 0217 016A C9 RET

0147% 0218%

0148 0108 3E04 NOCOMC MVI AyO4aw 0219%

0149 0100 D305 ouT 05# 0220%*%* SUBROUTINE DECODO **x

0150 010F C3F100 JMP NO1 ' 0221x%

0151=% 0222 016B ES DECODO PUSH H
0152%%x SUBROUTINE TIMEC x*x* 0223 0l16C DS PUSH D
0153% 0224 016D 2ACB40 LHLD DSTNT1
0154 0112 1£32 TIMEC MVI E+50 0225 0170 DBO1 MIBF IN 014
0155 0114 CD2EO1 TIMECIl CALL TIMED 0226 0172 A6 ANA M
0156 0117 1D DCR E 0227 0173 C29801 INZ MIBFP
0157 0118 CAlEO!L o JZ TIMEC2 0228 0176 3E02 MVI Ay02#
0158 0118 C31401 JMP TIMEC1 0229 0178 D303 ouT 03#
0159 011E C9 TIMEC2 RET 0230 017A 23 INX H
0160% 0231 0178 7E MOV AWM
0161% 0232 017C D307 ouT oT#
0162% . 0233 0176 3C INR A
0163%xx SUBROUTINE TIMEF xxx 0234 017F D307 ouT OT#
0164 O11F DS TIMEF PUSH D 0235 0181 3E03 MVI AyO3#
0165 0120 1lEOA MVI Esl0 0236 0183 D303 ouT 03#
0166 0122 CD2EO01 TIMEF1 CALL TIMED 0237 0185 79 MoV A,C
0167 0125 1D DCR E 0238 0186 D601 Sul Ol4#
0168 0126 CA2CO1 JZ TIMEF2 0239 0188 CA9701 Jz FINEL
0169 0129 C32201 JMP TIMEF1 0240 0188 28 DCX H
0170 0120 Dl TIMEF2 POP D 0241 018C 22C840 STORE1l SHLD DSTNT1
0171 012D C9 RET ) 0242 O18F 3E24 MVI As244
0172% ' 0243 0191 32CC40 STA FLAG
0173%%x SUBROUTINE TIMED *x* 0244 0194 D1 NOIBF POP [»]
0174% 0245 0195 E1 POP H
0175 012E F5 TIMED PUSH PSW 0246 0196 (C9 RET

0176 012F CS PUSH 8 0247 0197 23 FINE1l INX H
0177 0130 DS PUSH D 0248 0198 (C38C01 JMP STORE1
0178 0131 ES PUSH H 0249 0198 15 MIBFP DCR D
0179 0132 1614 MVI D20 0250 019C C27001 INZ MIBF
0180 0134 OEla MVI C»20 0251 019F (39401 JMP NOIBF
0181 0136 06C8 TIMED6 MVI By200 0252%

0182 0138 3EC8 MVI As200 0253%

0183 013A C33D0O1 TIMED1l UMP TIMED2 0254%xx . SUBROUTINE DECODI *x*x

0184 013D C34001 TIMED2 JMP TIMED3 0255%

0185 0140 05 TIMED3 DCR B 0256 01A2 ES DECODI PUSH H

0186 0141 3D DCR A 0257 O1A3 D5 PUSH D
0187 0142 CA4801 JZ TIMED4 0258 01A4 2ACA40 LHLD DSTNT2
0188 0145 C33A01 JMP TIMED1 0259 01A7 D801 MOBF IN 0l+4
0189 0148 15 TIMED4 DCR D 0260 01A9 A6 ANA M
0190 0149 0D DCR C 0261 OlAA C2D601 JNZ HOBFP
0191 014A CAS5001 JZ TIMED?7 0262 OLAD 23 INX H

0192 014D C33601 JMP TIMEDS® 0263 01AE 7E MOV Asi
0193 0150 E1 TIMEDT POP H 0264 O1AF D307 ouT oOT#
0194 0151 D1 PCP D 0265 01B1 3E00 MVI AyOO#
0195 0152 Ci1 POP B 0266 0183 D303 auT 03#
0196 0153 F1 POP PSW 0267 0185 3EO01 MVI AsOl#
0197 0154 C9 RET 0268 01B7 D303 ouT o3#
0198x% 0269 01B9 7E MOV AsM
0199% 0270 01BA 3C INR A
0200%x%x SUBROUTINE MO #xx* 0271 0188 D307 out OT#
0201% 0272 01BD 79 MOV AyC
0202 0155 D300 MO ouT 00# 0273 01BE D601 Sul ol#
0203 0157 DS PUSH D 0274 01CO0 CAD201 JZ FINE2
0204 0158 110202 LXI Dy202# 0275 01C3 28 DCX H
0205 0158 CD6BO1 CALL DECODO 0276 01C4 22CA40 STOREZ2 SHLD ODSTNTZ2
0206 015 D1 POP D 0277 01C7 3ACC40 LDA FLAG
‘0207 015F C9 RET 0278 01CA D624 SuUl 24+#

. 0208% 0279 01CC 32CC40 STA FLAG
0209% 0280 01CF D1 NOOBF - POP D
0210%x% SUBROUTINE MI *kx 0281 01D0 E1 PoOP H
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0282 01Dl C9 RET 0295 0lEl 04 DEF 044
0283 01D2 23 FINE2 INX H 0296 0lE2 04 DEF Qa#
0284 01D3 C3C401 JMP STORE?2 0297 OlE3 08 DEF o8#
0285 0106 1D MOBFP  DCR E 0298 0lE4 06 DEF 06#
0286 0107 C2A701 JINZ MOBF 0299 01€5 10 Y DEF 10#
0287 O1DA C3CFO1 JMP NOOBF 0300 OlE6 08 DEF o8#
0288x% 0301 OlE7 20 DEF 20#
0289% 0302 01lE8 OA DEF OA#
0290% SELECTIVE CHARACTER O TEIGI SURU x* 0303 01E9 40 DEF 40#
0291 010D 01 X DEF Ol# 0304 OlEA OC DEF oC#
0292 01DE 00 DEF QO0# 0305 0lEB 80 DEF 80#
0293 010F 02 DEF 02# 0306 O1EC OE DEF OE#
0294 0OlEOQ 02 DEF 02+ 0307 0000 END MASTER

SLAVE MICROCOMPUTER MAIN PROGRAM LIST
**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR

0001x*x*x SLAVE MICKOCOMPUTER MAIN PROGRAM k%% 0055%

0002x 0056%x% SUBROUTINE SI #*xx
0003x 0057 %
0004 4000 RAMST  EQU 40004 0058 0055 D5 SI PUSH D
0005 40D0 SCRTCH EQU 40D C# 0059 0056 DBO2 SIBF IN 0o2#
0006 40D1 Fl EQU 40D 1# 0060 0058 E620 ANI 20#
0007 40D2 F2 EQU 40D 2# 0061 005A C26700 JNZ SIN
0008x% 0062 005D 15 DCR b}
0009 0000 ORG 000 0# 0063 005E (25600 JNZ SIBF
0010 0000 3ECO SLAVE MvI] AsCO# 0064 0061 AF XRA A
0011 0002 D303 ouT o3# 0065 0062 32D140 STA Fl
0012 0004 3tel MVI AsB1# 0066 0065 DI SIND pPoP D
0013 0006 D307 ouT oOT# 0067 0066 C9 RET
0014 0008 31FF40Q LXI SPy4CFF # 0068 0067 3EO01 SIN MVI AsOl#
0015 000B DBOO WAIT IN 00# 0069 0069 32D140 STA F1
0016 000D D669 Sul 69# 0070 006C DBOO IN 00#
0017 O0OF C20B00 JNZ WAIT 0071 006E C36500 JMP SIND
0018 0012 3E68B MV1 Ay6B# 0072%
0019 0014 D300 out O0# 0073x
0020 0016 AF XRA A 0074%x*x SUBROUTINE SO *xx
0021 0017 32D140 STA Fl 0075
0022 001A 32D24C STA F2 0076 0071 F5 S0 PUSH PSW
0023 001D 110202 LXI Dy202# 0077 0072 DS PUSH D
0024 0020 210040 LXI HyRAMST 0078 0073 DBOZ SGBF IN 02#
0025 0023 CD5500 BACK1 CALL SI 0079 0075 E680 ANI 80#
0026 0026 2F CMA 0080 0077 (28500 JNZ SouUT
0027 0027 32D040 STA SCRTCH 0081 007A 1D DCR E
0028 002A 3AD140 LDA Fl 0082 0078 (€27300 JNZ SO8F
0029 002D B7 ORA A 0083 007E AF XRA A
0030 002t CA4DOO JZ NOPAS1 0084 007F 32D240 STA F2
0031 0031 3ADO4O LDA SCRTCH 0085 0082 D1 POP D
0032 0034 (CD7100 CALL SO 0086 0083 F1 poP PSW
0033 0037 3AD240 LDA F2 0087 0084 C9 RET
0034 003A B7 ORA A 0088 0085 3EO01 S0uUT MVI AsOl#
0035 0038 CA5100 JZ NOPAS2 0089 0087 32D240 : STA F2
0036 003t 3ADO4O LDA SCRTCH 0090 008A D1 POP D
0037 0041 77 MOV MyA 0091 0088 F1 PoOP PSW
0038 0042 23 - INX H 0092 008C D300 ouT 00#
0039 0043 7D MOV AsL 0093 008E C9 RET
0040 0044 FECS CPI C8# 0094 0000 END SLAVE
0041 0046 DA2300 JC BACK1]
0042 0049 00 NO NOP
0043 004A (C34900 JMP NO
004 4x
0045%%xx NOPASS 1 *xx
0046 %
0047 004D 37 NOPAS]1 STC
0048 004E C32300 JMP BACK1
00469%
0050*x*x NOPASS 2 *xx
0051 0051 3F NOPAS2 CMC
0052 0052 (32300 JMP BACK1
0053=
0054 EJE
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473
(03) 218-3499

HONG KONG
Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 790-70

TAIWAN
Mitsubishi Electric Corporation
Taipei Representative Office
Room 1303, 13th fl., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, RO.C.

Telex: 11211 MITSUBISHI
JTelephone: (597) 3111

Mitsubishi Electronics America, Inc.
1230 Oakmead Parkway

Suite 206 Sunnyvale CA 94086 U.S.A.
Telex: 172296 MELA SUVL
Telephone: (408) 730-5900

Mitsubishi Electronics America, Inc.
2200 West Artesia Bivd.

Compton CA 90220, U.S.A.

Telex: 638246 MELA CMTN
Telephone: (213) 979-6055

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELASB WOBN
Telephone: (617) 938-1220

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860

U.K.

Mitsubishi Electric (U.K.) Ltd.
Polycherome House Sandown Road
Watford, Hearts, U.K.

Telex: 927908

Telephone: (923) 37334

AUSTRALIA

Meico Australia Pty. Ltd.

33rd Level, Australia Square,
Sydney, N.S.W., 2000, Australia
P.O. Box H129. Australia Square
Telex: MESYO AA 26614
Telephone: (232) 6277
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