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Semiconductor  file  memory  and  storage  system  using  the  same. 

©  A  semiconductor  file  memory  has  a  semicon- 
ductor  memory  (1,  36)  connected  to  an  information 
processor  (21)  and  operating  to  store  data  trans- 
ferred  from  the  information  processor  (21)  and  read 
out  stored  data.  The  file  memory  comprises  a 
serial/parallel  conversion  circuit  (7,  31b)  which  re- 
ceives,  in  a  serial  manner,  data  to  be  stored  in  the 
semiconductor  memory  and  converts  the  data  into 
parallel  data;  a  parallel/serial  conversion  circuit  (6, 

{^31  a)  which  receives  data  read  out  of  the  semicon- 
^ductor  memory  (1,  36)  and  converts  the  data  into 

serial  data;  and  an  address  data  holding  circuit 
25  which  holds  address  data  transferred  from  the  in- 
Wformation  processor  (21).  Serial  data  transferred  from 
-fcthe  information  processor  is  converted  into  parallel 
PQdata  by  the  serial/parallel  conversion  circuit  (7,  31b) 
CO  and  the  converted  data  is  stored  in  the  semiconduc- 
Qtor  memory  (1,  36)  in  accordance  with  address  data 

held  in  the  address  data  holding  circuit  (3),  and 
^J  parallel  data  stored  in  the  semiconductor  memory  (1, 

36)  is  read  out  in  accordance  with  address  data  held 
in  the  address  data  holding  circuit  (32),  the  readout 

data  is  converted  into  serial  data  by  the 
parallel/serial  conversion  circuit  (6,  31  a)  and  the  con- 
verted  data  is  transferred  to  the  information  proces- 
sor  (21). 
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SEMICONDUCTOR  FILE  MEMORY  AND  STORAGE  SYSTEM  USING  THE  SAME 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  overcome  the 
foregoing  prior  art  deficiencies  and  to  provide  a 

5  semiconductor  file  memory  which  requires  a  small 
number  of  connection  pins,  smaller  insertion  and 
extraction  forces,  and  has  higher  reliability. 

Another  object  of  this  invention  is  to  overcome 
the  degradation  of  information  processing  speed 

m  attributable  to  serial  data  transmission  and  to  pro- 
vide  a  semiconductor  file  memory  which  transfers 
a  large  volume  of  data  efficiently  to  meet  the 
volume  of  transmission  data. 

A  further  object  of  this  invention  is  to  provide  a 
15  storage  system  which  requires  the  smaller  number 

of  connection  pins,  is  easy  to  mount  and  dismount 
a  file  memory,  and  is  highly  reliable. 

In  order  to  achieve  the  above  objectives,  a 
semiconductor  file  memory  having  a  semiconduc- 

20  tor  memory,  which  is  connected  to  an  information 
processor  to  transact  data,  comprises  a 
serial/parallel  conversion  circuit  which  receives 
serial  data  to  be  stored  in  the  semiconductor  mem- 
ory  and  converts  it  into  parallel  data,  a 

25  parallel/serial  conversion  circuit  which  receives  par- 
allel  data  read  out  of  the  semiconductor  memory 
and  converts  it  into  serial  data,  an  extraction  circuit 
which  extracts  address  data  from  serial  data  trans- 
fer  from  the  information  processor,  and  an  address 

30  data  holding  circuit  which  holds  address  data  ex- 
tracted  by  the  extraction  circuit,  and  operates  to 
store  serial  write  data  transferred  from  the  informa- 
tion  processor,  by  converting  it  into  parallel  data 
with  the  serial/parallel  conversion  circuit,  in  the 

35  semiconductor  memory  in  accordance  with  address 
data  held  in  the  address  data  holding  circuit,  and  to 
transfer  parallel  data  read  out  of  the  semiconductor 
memory,  by  converting  it  into  serial  data  with  the 
parallel/serial  conversion  circuit,  to  the  information 

40  processor  in  accordance  with  address  data  held  in 
the  address  data  holding  circuit. 

A  semiconductor  file  memory  comprises  a 
semiconductor  memory,  an  interface  which  re- 
ceives  from  an  external  device  a  serial  data  string 

45  containing  address  information  indicative  of  the 
starting  address  of  the  semiconductor  memory, 
transfer  word  volume  information  and  transmission 
data,  an  address  access  circuit  which  addresses 
the  semiconductor  memory,  and  a  transfer  end 

so  detection  circuit,  and  operates  as  follows.  The  in- 
terface  separates  transfer  word  volume  information 
from  the  serial  data  string  and  provides  it  to  the 
end  detection  circuit  and  separates  the  address 
information  from  the  serial  data  string  and  sets  the 
information  in  the  address  access  circuit  so  that  it 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  semiconductor  file 
memory  and  a  storage  system  which  uses  the 
semiconductor  file  memory,  and  more  particularly 
to  the  improvement  of  a  data  transfer  system  in- 
tended  for  a  file  memory  which  necessitates  a 
smaller  number  of  connection  pins,  stores  trans- 
ferred  data  in  variable  data  length  and  reads  out 
data  in  variable  data  length. 

Generally,  an  external  storage  of  information 
processor,  such  as  a  magnetic  recording  medium 
or  file  memory,  operates  to  exchange  information 
with  the  host  information  processor  in  either  par- 
allel  data  transmission  mode  or  serial  data  trans- 
mission  mode,  the  latter  being  the  case  of  serial 
data  processing  for  a  sequential  file  as  disclosed  in 
SCSI  or  the  like.  Information  transaction  based  on 
serial  transmission  generally  uses  block  transfer. 

Conventional  file  memories,  which  use  the  par- 
allel  I/O  interface,  have  increased  number  of  ad- 
dress  signal  lines  as  semiconductor  memory  de- 
vices  have  become  more  capacious,  resulting  in  an 
increased  number  of  connector  pins  of  the  file 
memories.  In  parallel  data  transmission,  the  num- 
ber  of  connection  lines  increases  in  proportion  to 
the  number  of  bits  of  transmission,'  and  at  the  same 
time  the  volume  of  data  transmission  in  a  unit  time 
length  also  increases.  In  contrast,  serial  data  trans- 
mission  is  advantageous  in  a  smaller  number  of 
connection  lines  required,  but  it  is  limited  in  the 
volume  of  data  transmission  in  a  unit  time  length. 

A  file  memory  with  an  increased  number  of 
connection  pins  suffers  increased  insertion  and  ex- 
traction  forces,  increased  possibility  of  contact  fail- 
ure,  and  degraded  operationability  and  reliability 
attributable  to  the  influence  of  dirt  and  dusts.  On 
this  account,  an  alternative  idea  is  to  transfer  data 
in  a  serial  manner.  When  serial  data  is  transferred 
in  block  transmission  mode,  with  the  intention  of 
efficient  data  transfer,  the  volume  of  transaction 
data  in  a  block  is  constant,  i.e.,  fixed-length  block 
transmission,  which  compels  the  information  pro- 
cessor  to  access  to  a  certain  amount  of  data  re- 
gardless  of  the  data  volume  in  need.  This  is  un- 
favorable  for  the  information  processor  in  expend- 
ing  idle  time  for  making  access  to  a  piece  of  data 
(minimal  unit  data)  in  a  specific  address. 

This  impropriety  may  be  avoided  by  transfer- 
ring  the  address  and  data  in  pair  in  a  serial  man- 
ner,  and  data  in  a  specific  address  can  be  acces- 
sed  in  a  shorter  time,  but  at  the  expense  of  in- 
creased  time  for  transferring  a  large  volume  of 
data. 
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is  incremented  or  decremented  for  storing  trans- 
ferred  data  or  reading  data  out  of  the  semiconduc- 
tor  memory,  and  the  end  detection  circuit  detects 
the  end  of  transferred  data  on  the  basis  of  the 
transfer  word  volume  information,  and  terminates 
the  data  writing  or  reading  in  response  to  the 
detection. 

A  storage  system  using  a  semiconductor  file 
memory  comprises  a  serial/parallel  conversion  cir- 
cuit  which  receive  serial  data  to  be  stored  in  a 
semiconductor  memory  and  converts  it  into  parallel 
data,  a  parallel/serial  conversion  circuit  which  re- 
ceives  parallel  data  read  out  of  the  semiconductor 
memory  and  converts  it  into  serial  data,  an  extrac- 
tion  circuit  which  extracts  address  data  from  serial 
data  transferred  from  an  information  processor,  and 
a  address  data  holding  circuit  which  holds  address 
data  extracted  by  the  extraction  circuit.  In  opera- 
tion,  the  serial/parallel  conversion  circuit  converts 
serial  write  data  transferred  from  a  driver  into  par- 
allel  data  and  it  is  stored  in  the  semiconductor 
memory  in  accordance  with  address  data  held  in 
the  address  data  holding  circuit,  the  parallel/serial 
conversion  circuit  reads  parallel  data  out  of  the 
semiconductor  memory  in  accordance  with  address 
data  held  in  the  address  data  holding  circuit,  con- 
verts  it  into  serial  data  and  delivers  it  to  the  driver, 
and  the  driver  transfers  data  from  the  semiconduc- 
tor  file  memory  to  the  information  processor  and 
transfers  data  from  the  information  processor  to  the 
semiconductor  external  memory. 

This  invention  is  intended  to  receive  serial 
transfer  data  and  convert  it  into  parallel  data  inside 
the  semiconductor  file  memory  before  it  is  stored 
in  the  semiconductor  memory,  and  to  read  parallel 
data  out  of  the  semiconductor  memory  and  con- 
verts  it  into  serial  data  inside  the  file  memory 
before  it  is  transferred  to  the  outside,  whereby  the 
number  of  connection  lines  led  out  to  external 
devices  can  be  reduced,  and  as  a  result  the  num- 
ber  of  connector  pins  can  be  reduced.  Accordingly, 
it  requires  small  insertion  and  extraction  forces, 
and  a  highly  reliable  semiconductor  file  memory 
can  be  realized. 

According  to  this  invention,  the  semiconductor 
external  storage  receives  a  serial  data  string,  in 
which  are  included  the  starting  address  of  a  data 
access  region  of  the  semiconductor  memory,  trans- 
fer  word  volume  information  or  transfer  end  in- 
formation  indicative  of  the  volume  of  data  transac- 
tion  and  transmission  data  corresponding  to  the 
address,  and  the  semiconductor  file  memory  sets 
the  starting  address  in  the  address  access  circuit 
and  sends  the  transfer  word  volume  information  or 
the  like  to  the  end  detection  circuit  thereby  to 
access  the  semiconductor  memory  only  for  the 
number  of  data  indicated  by  the  transfer  word 
volume,  whereby  only  necessary  data  can  be 

stored  and  read  out. 
As  a  result,  data  can  be  stored  and  read  out,  in 

variable  quantity,  and  the  transfer  data  volume  can 
be  changed  at  each  transfer.  This  allows  fast  ac- 

s  cess  to  a  specific  address  and  enables  mass  data 
to  be  transferred  at  high  transfer  rate  in  block 
transfer  mode,  whereby  efficient  data  transmission 
which  matches  the  data  transfer  volume  can  be 
realized. 

10 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  showing  an  em- 
75  bodiment  of  the  inventive  semiconductor  file  mem- 

ory; 
Fig.  2  is  a  diagram  showing  the  format  of 

information  transferred  from  the  information  proces- 
sor  to  the  semiconductor  file  memory  in  the  em- 

20  bodiment  of  Fig.  1; 
Fig.  3  is  a  flowchart  showing  the  sequence 

of  writing  data  to  the  semiconductor  file  memory  in 
the  embodiment  of  Fig.  1; 

Fig.  4  is  a  flowchart  showing  the  sequence 
25  of  reading  data  from  the  semiconductor  file  mem- 

ory  in  the  embodiment  of  Fig.  1  ; 
Fig.  5  is  a  timing  chart  showing  the  states  of 

signals,  at  data  writing  shown  in  Fig.  3,  on  the 
signal  lines  of  the  semiconductor  file  memory  of 

30  Fig.  1; 
Fig.  6  is  a  timing  chart  showing  the  states  of 

signals,  at  data  reading  shown  in  Fig.  4,  on  the 
signal  lines  of  the  semiconductor  file  memory  of 
Fig.  1; 

35  Fig.  7  is  a  block  diagram  showing  another 
embodiment  of  this  invention,  in  which  the  semi- 
conductor  file  memory  is  connected  to  the  informa- 
tion  processor  through  a  read/write  control  driver; 

Fig.  8  is  a  flowchart  showing  the  operational 
40  sequence  of  the  driver  and  semiconductor  file 

memory  at  writing  data  to  the  semiconductor  file 
memory  in  the  arrangement  of  Fig.  7;  and 

Fig.  9  is  a  flowchart  showing  the  operational 
sequence  of  the  driver  and  semiconductor  file 

45  memory  at  reading  data  from  the  semiconductor 
file  memory  in  the  arrangement  of  Fig.  7. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 50 

Embodiments  of  this  invention  will  be  de- 
scribed  with  reference  to  the  drawings. 

Fig.  1  shows  an  embodiment  of  the  inventive 
55  semiconductor  file  memory.  Indicated  by  1  is  a 

RAM  which  serves  as  a  semiconductor  memory  for 
storing  data.  The  RAM  1  is  connected  through  a 
data  bus  12  to  a  latch  circuit  2,  from  which  the 
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RAM  1  receives  data  at  storing.  The  RAM  1  is 
connected  through  an  address  bus  13  to  an  ad- 
dress  counter  3,  from  which  the  RAM  1  receives 
the  address  value  at  both  data  writing  and  reading 
for  addressing.  The  RAM  1  is  further  connected 
through  the  data  bus  12  to  a  parallel/serial  (P/S) 
conversion  circuit  6,  in  addition  to  the  latch  circuit 
2,  to  which  the  RAM  1  delivers  readout  data. 

An  information  processor  which  stores  data  in 
the  semiconductor  file  memory  15  and  reads  data 
out  of  it  provides  serial  input  data  over  an 
input/output  signal  line  9  to  an  input/output  signal 
division  circuit  8,  from  which  the  data  is  sent  to  a 
serial/parallel  (S/P)  conversion  circuit  7.  The 
input/output  division  circuit  8  comprises  a  micro- 
processor,  memory  and  a  control  program  stored 
in  the  memory. 

The  input/output  division  circuit  8  is  responsive 
to  the  control  signal  from  a  control  circuit  4  to 
switch  the  input/output  direction,  divides  the  input 
data  for  extraction  into  data  to  various  destinations, 
and  supplies  the  extracted  data  to  respective  cir- 
cuits  by  way  of  the  serial/parallel  conversion  circuit 
7. 

The  information  processor  21  sends  data  in  the 
transfer  information  format  as  shown  in  Fig.  2,  for 
example,  over  the  line  9  to  the  semiconductor  file 
memory  15.  The  transfer  information  format  in- 
cludes  synchronizing  information,  write/read  infor- 
mation,  starting  address  information,  number  of 
transferred  data  words  n,  and  data  string  (n  bytes). 
In  the  example  of  Fig.  2,  at  data  writing,  "write 
information"  is  selected  at  the  top  of  the  format, 
and  at  data  reading,  "read  information"  is  selected 
at  the  top  of  the  format  and  "data  string"  at  the 
end  of  format  is  removed. 

At  data  reading,  when  output  data  is  sent  from 
the  RAM  1  over  the  data  bus  12  to  the 
parallel/serial  conversion  circuit  6,  the  resulting 
serial  data  is  sent  over  the  input/output  signal  line  9 
to  the  information  processor.  The  serial/parallel 
conversion  circuit  7  is  connected  through  a  bus  14 
to  the  latch  circuit  2,  address  counter  3,  and  a  data 
word  counter  5  which  counts  the  number  of  data 
words,  and  it  operates  to  convert  the  input  data  into 
parallel  data. 

Namely,  transfer  information  data  in  the  format 
as  shown  in  Fig.  2  sent  as  serial  data  from  the 
external  information  processor  21  is  divided  for 
extraction  by  the  input/output  signal  division  circuit 
8,  and  distributed  through  the  serial/parallel  conver- 
sion  circuit  7  and  common  bus  14.  Among  the 
data,  "number  of  transferred  data  words"  is  set  in 
the  data  word  counter  5,  "starting  address  informa- 
tion"  is  set  in  the  address  counter  3,  and  "data 
string"  is  stored  in  the  latch  circuit  2  at  data 
writing.  Held  in  the  latch  circuit  2  are 
"synchronizing  information"  and  one  of  "write  in- 

formation"  and  "read  information"  among  the  data 
format  shown  in  Fig.  2.  After  data  has  been 
latched,  the  control  circuit  4  makes  access  to  the 
latch  circuit  2  using  a  line  7  to  determine  whether 

5  the  data  is  read  information  or  write  information. 
These  circuits  and  RAM  1  are  controlled  by  the 

control  circuit  4,  which  incorporates  a  microproces- 
sor  and  memory  for  example  and  operates  to  re- 
ceive  transfer  information  data  (control  signals  for 

w  writing  or  reading)  sent  from  the  external  informa- 
tion  processor  and  further  receive  a  clock  signal 
(CLOCK)  and  reset  signal  (RESET)  sent  from  the 
external  information  processor  over  a  clock  signal 
line  10  and  reset  signal  line  11.  In  response  to 

75  these  signals,  the  control  circuit  4  controls  the 
above-mentioned  circuits  and  RAM  1  at  certain 
timings  thereby  to  control  data  writing  and  reading. 

Under  control  of  the  control  circuit  4,  serial 
data  transferred  from  the  external  information  pro- 

20  cessor  is  reformed  into  parallel  data  inside  the 
serial/parallel  conversion  circuit  7  and  stored  in  the 
RAM  1,  and  parallel  data  to  be  transferred  to  the 
external  information  processor  is  read  out  of  the 
RAM  1  and  reformed  into  serial  data  inside  the 

25  parallel/serial  conversion  circuit  6  and  transferred  to 
the  external  information  processor.  The 
parallel/serial  conversion  circuit  6  and  serial/parallel 
conversion  circuit  7  receive  a  clock  signal  to  time 
their  data  conversion  processes. 

30  The  following  describes  the  overall  sequence 
of  data  writing  and  reading  in  the  semiconductor 
file  memory  15  with  reference  to  Figs.  3  and  4,  and 
next  the  detailed  operation  of  each  functional  block 
on  the  timing  chart  of  major  signals  shown  in  Figs. 

35  5  and  6. 
As  shown  in  Fig.  3  for  the  data  writing  process, 

write  mode  is  set  in  the  control  circuit  4  (step  301  ), 
the  starting  address  is  set  in  the  address  counter  3 
(step  302),  and  the  number  of  write  data  words  n  is 

40  set  in  the  data  word  counter  5,  and  then  the  data 
writing  operation  takes  place  in  accordance  with 
the  clock.  Initially,  write  data  is  transferred  to  the 
latch  circuit  2  (step  304)  and  it  is  latched  (step 
305).  Then  data  is  stored  in  the  RAM  1  (step  306) 

45  and  the  contents  of  the  address  counter  3  is  incre- 
mented  (step  307).  The  routine  from  step  304  to 
step  307  is  repeated  for  the  number  of  times  equal 
to  the  number  of  words  set  in  the  data  word 
counter  5,  and  the  write  operation  for  one  block 

so  completes. 
At  reading  data  out  of  the  semiconductor  file 

memory  5,  read  mode  is  set  in  the  control  circuit  4, 
the  readout  starting  address  of  RAM  1  is  set  in  the 
address  counter  3  and  the  number  of  readout 

55  words  n  is  set  in  the  data  word  counter  5,  and  then 
the  reading  operation  begins.  Data  is  read  from  the 
specified  readout  starting  address  of  the  RAM  1 
(step  404)  and,  after  the  data  is  latched  temporarily 
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memory  15,  the  control  circuit  4  is  placed  in  read 
mode  by  the  entry  of  READ  signal  following  the 
RESET  signal.  The  procedure  similar  to  that  of 
writing  is  followed  to  set  the  read  starting  address 

5  in  the  address  counter  3  and,  at  the  same  time,  the 
number  of  readout  data  words  n  is  set  in  the  data 
word  counter  5.  A  read  control  signal  <5>  is  issued 
to  the  RAM  1  in  accordance  with  the  clock,  data  1 
from  the  starting  read  address  of  the  RAM  1  is 

w  read  out  to  the  latch  circuit  2,  and  data  in  byte 
length,  for  example,  is  transferred  from  the  latch 
circuit  2  to  the  parallel/serial  conversion  circuit  6. 
At  this  time,  the  input/output  control  signal  <1>  and 
P/S  control  signal  are  issued  to  the  input/output 

75  division  circuit  8  and  parallel/serial  conversion  cir- 
cuit  6  for  transferring  the  readout  data  to  the  in- 
formation  processor  21  . 

In  response  to  the  data  transfer  from  the  latch 
circuit  2  to  the  parallel/serial  conversion  circuit  6, 

20  the  readout  address  in  the  address  counter  3  is 
incremented  by  one,  and  the  number  of  words  n 
set  in  the  data  word  counter  5  is  decremented. 
When  the  count  value  of  the  data  word  counter  5 
reaches  zero,  the  access  end  signal  <6>  is  issued 

25  by  the  data  word  counter  5  to  the  control  circuit  4, 
and  the  read  operation  completes.  The  count  oper- 
ations  of  the  address  counter  3  and  data  word 
counter  5  may  be  modified  as  mentioned  pre- 
viously  for  the  write  operation. 

30  In  writing  or  reading  the  RAM  1,  particularly  in 
the  case  of  transferring  data  from  the  information 
processor,  the  transfer  information  data  includes 
transfer  word  volume  information  (number  of  trans- 
fer  words  and  starting  address)  in  addition  to  the 

35  starting  address  information  so  that  the  number  of 
transferred  words  is  memorized  on  the  part  of  the 
file  memory  15  for  carrying  out  data  writing  and 
reading  in  accordance  with  that  information,  and  a 
series  of  operations  for  writing  or  reading  data  in 

40  the  file  memory  15  can  take  place  in  response  to  a 
single  data  transfer  operation  of  the  information 
processor.  In  this  case,  data  is  transferred  in  block 
transfer  mode  with  the  data  volume  being  variable. 
On  this  account,  even  a  piece  of  1-byte  data  to  a 

45  specific  address  can  be  transferred  efficiently. 
As  an  alternative  scheme,  the  read/write  control 

may  be  such  that  part  of  data  provided  for  the  data 
word  counter  5  is  decoded  in  the  data  word  coun- 
ter  5  or  by  the  control  circuit  4  so  that  the  control 

so  circuit  4  has  control  of  write/read  operation,  or  that 
the  write/read  control  signal  is  sent  independently 
from  the  external  information  processor  over  the 
write/read  control  signal  line.  Furthermore,  the 
input/output  signal  division  circuit  8  may  be  de- 

55  signed  so  that  it  separates  commands  from  the 
transferred  data  and  the  control  circuit  4  receives 
the  commands. 

According  to  this  embodiment,  the  information 

in  the  latch  circuit  2  (step  405),  it  is  transferred  to 
the  parallel/serial  conversion  circuit  6  (step  406).  At 
the  same  time,  the  address  counter  3  has  its  con- 
tents  incremented  by  one  (step  407),  and  data 
reading  for  one  word  completes.  The  routine  from 
step  404  to  step  407  is  repeated  for  the  number  of 
times  equal  to  the  number  of  words  n  set  in  the 
data  word  counter  5,  and  the  read  operation  for  one 
block  completes. 

The  operation  will  be  explained  in  more  detail 
with  reference  to  the  timing  chart  of  the  signals. 
For  data  writing,  as  shown  in  Fig.  5,  the  control 
circuit  4  which  waits  for  an  entry  is  reset  by  the 
RESET  signal,  and  transferred  information  data 
sent  over  the  input/output  signal  line  9  and  entered 
to  the  input/output  signal  division  circuit  8  is  di- 
vided  for  extraction.  The  extracted  starting  address 
for  writing  to  the  RAM  1  is  set  in  the  address 
counter  3,  and  subsequently  the  extracted  word 
volume  for  writing  is  set  in  the  data  word  counter  5. 
Prior  to  these  operations,  the  control  circuit  4  is 
placed  in  the  control  status  of  writing  by  the 
WRITE  information  carried  by  the  signal  <7>. 

The  control  circuit  4  issues  an  input/output 
signal  <1>  to  the  input/output  signal  division  circuit 
8  in  accordance  with  the  clock  and  issues  a  S/P 
control  signal  <3>  to  the  serial/parallel  conversion 
circuit  7,  and  operates  on  the  latch  circuit  2  to  latch 
data  1  at  the  top  at  the  timing  of  the  clock.  On 
completion  of  latching  one  byte  of  data,  for  exam- 
ple,  in  the  latch  circuit  2,  the  data  1  is  written  in 
accordance  with  a  control  signal  <5>  in  the  starting 
write  address  set  in  the  address  counter  3.  At  the 
writing  of  one  word,  the  address  counter  3  has  its 
address  incremented  as  Addr.  +1.  As  an  alter- 
native  addressing  ascheme,  a  certain  address  val- 
ue  is  preset  and  it  is  decremented  at  each  writing 
of  a  word.  In  correspondence  to  the  1-word  writing, 
the  data  word  counter  5  has  its  contents  n  sub- 
tracted  by  one.  The  data  writing  operation  is  re- 
peated  for  n  words,  and  when  the  contents  of  data 
word  counter  5  reaches  "0",  it  issues  an  access 
end  signal  <6>  indicative  of  the  end  of  writing  of  n- 
word  data  in  the  RAM  1  to  the  control  circuit  4,  and 
the  semiconductor  file  memory  15  enters  the  input 
wait  state. 

Although  in  the  above  description  the  data 
word  counter  is  preset  to  the  count  value  n  equal  to 
the  number  of  write  data  words  at  the  stage  of 
initial  setting,  it  is  subtracted  at  each  writing  of  one 
word  from  the  latch  circuit  2  to  the  RAM  1  ,  and  the 
access  end  signal  <6>  is  issued  to  the  control 
circuit  4  when  the  count  value  reaches  zero,  an 
alternative  scheme  is  to  increment  the  data  word 
counter  in  response  to  each  data  writing  and  to 
detect  the  end  of  one  block  data  transfer  when  the 
preset  count  value  reaches  n. 

For  reading  data  out  of  the  semiconductor  file 



EP  0  334  552  A2 10 

811),  the  file  memory  30  operates  on  its 
serial/parallel  conversion  circuit  31b  to  convert  the 
address  data  back  to  parallel  data  and  holds  it  in 
an  address  latch  circuit  32  (step  812). 

5  In  case  the  control  circuit  34  receives  the  write 
control  signal  from  the  driver  20,  it  holds  the  ad- 
dress  data  in  the  address  latch  circuit  32,  and 
thereafter  operates  on  the  serial/parallel  conversion 
circuit  31b  to  convert  serial  data  transferred  from 

10  the  driver  20  into  parallel  data  and  holds  it  in  the 
data  latch  circuit  33  (steps  805-808).  After  the 
address  data  has  been  established  in  the  address 
latch  circuit  32,  the  control  circuit  34  operates  on 
the  read/write  control  circuit  35  to  send  the  write 

75  control  signal  to  the  semiconductor  memory  36 
(step  809),  and  the  data  in  the  data  latch  circuit  33 
is  stored  in  the  semiconductor  memory  36  (steps 
814-816).  The  address  counter  37  is  incremented 
by  the  control  circuit  34  (step  810).  Similarly,  after 

20  the  next  data  has  been  latched,  the  address  value 
in  the  address  counter  circuit  37  is  incremented. 
By  repeating  the  steps  from  805  to  810  data  is 
stored  sequentially  in  the  semiconductor  memory 
36. 

25  In  the  case  of  data  reading  out  of  the  semicon- 
ductor  file  memory  30,  as  shown  in  Fig.  9,  process- 
ing  steps  from  901  to  904  pertinent  to  the  read 
address  on  the  part  of  the  driver  20  and  cor- 
responding  processing  steps  from  911  to  913  by 

30  on  the  part  of  the  semiconductor  file  memory  30 
take  place  in  the  same  manner  as  in  the  case  of 
data  writing  shown  in  Fig.  8.  Namely,  in  case  the 
control  circuit  34  receives  the  read  control  signal 
from  the  driver  20,  it  holds  the  starting  address  in 

35  the  address  latch  circuit  32,  and  thereafter  reads 
data  in  that  address  area  in  response  to  the  read 
signal  from  the  read/write  control  circuit  35  (step 
914).  After  the  data  has  been  latched  in  the  data 
latch  circuit  33  (step  915),  the  parallel  data  is 

40  delivered  to  the  parallel/serial  control  circuit  31a 
(step  916)  so  that  it  is  converted  into  serial  data. 
The  serial  data  is  sent  to  the  driver  20  by  way  of 
the  data  separation  circuit  31  .  In  the  driver  20,  the 
serial  readout  data  sent  from  the  file  memory  30  is 

45  fed  through  the  data  separation  circuit  28  and  it  is 
reformed  into  parallel  data  by  the  serial/parallel 
conversion  circuit  28a  (steps  905,  906),  and  the 
data  is  sent  to  the  host  computer  21  through  the 
repetitive  operation  for  one  block  (steps  907-910). 

so  In  the  file  memory  20,  indicated  by  38a  is  a 
data  bus  connected  to  the  data  input  of  the  semi- 
conductor  memory  36,  and  38b  is  an  address  bus 
connected  to  the  address  input  of  the  semiconduc- 
tor  memory  36.  Indicated  by  39  is  an  address 

55  decoding  circuit  which  decodes  part  of  address 
data  from  the  address  counter  circuit  37  to  produce 
signals  for  selecting  address  (or  chips)  of  the  semi- 
conductor  memory  36,  and  40  is  a  power  outage 

processor  has  as  little  as  five  to  six  lines  connected 
to  the  file  memory  15  inclusive  of  the  power  and 
ground  lines. 

Fig.  7  shows  another  embodiment  of  this  inven- 
tion,  in  which  the  foregoing  semiconductor  file 
memory  is  connected  detachably  to  the  bus  of  the 
information  processor  through  a  file  memory  driver 
20.  The  driver  20  and  file  memory  30  are  con- 
nected  detachably  through  several  signal  lines,  and 
this  configuration  is  advantageous  in  the  reduction 
of  connecting  points  and  also  the  enhancement  of 
reliability. 

In  Fig.  7,  indicated  by  30  is  the  semiconductor 
file  memory,  which  is  connected  through  the  driver 
20  to  a  host  computer  21  that  is  an  information 
processor.  The  driver  20  and  host  computer  21 
have  a  parallel  connection  of  host  interface  bus  24, 
and  the  driver  20  operates  in  accordance  with 
commands  sent  from  the  host  computer  21.  The 
driver  20  and  file  memory  30  have  the  transaction 
of  address  data  through  an  input/output  signal  line 
43,  and  they  have  further  connections  by  a  signal 
line  44  for  the  transfer  information  synchronizing 
signal,  a  signal  line  45  for  the  reset  signal  which 
initializes  the  circuits,  a  signal  line  46  for  the 
write/read  control  signal,  a  power  line  47  connected 
to  a  power  source  23,  and  a  ground  line  48. 

The  driver  20  operates  by  being  controlled  by 
an  internal  microprocessor  26  to  receive  data  trans- 
ferred  from  the  host  computer  21  by  way  of  a  host 
interface  controller  25,  e.g.,  SCSI  protocol  control- 
ler.  Under  control  of  the  microprocessor  26,  the 
transferred  data  is  delivered  to  the  bus  driver  27 
through  the  access  to  the  address  area  assigned 
by  the  microprocessor  26.  A  command  sent  from 
the  host  computer  21  is'  decoded  by  the  micropro- 
cessor  26  so  that  the  read/write  control  circuit  29  is 
controlled  accordingly,  and  the  write/read  control 
signal  is  sent  to  the  file  memory  30  over  the 
control  signal  line  46.  Indicated  by  29a  is  an  os- 
cillation  element  provided  externally  to  the  control 
circuit  29,  based  on  which  the  internal  oscillation 
circuit  produces  the  clock  signal  at  the  specified 
frequency. 

The  embodiment  shown  in  Fig.  7  will  be  ex- 
plained  for  its  data  writing  operation  with  reference 
to  the  flowchart  of  Fig.  8.  In  this  embodiment,  a 
string  of  transferred  data  is  treated  as  a  block.  In 
the  case  of  data  transfer  from  the  host  computer  21 
to  the  file  memory  30  for  writing,  the  starting  ad- 
dress  of  the  data  block  is  first  transferred  (step 
801),  which  is  converted  into  serial  information  by  a 
parallel/serial  (P'S)  conversion  circuit  28b  and 
transferred  to  the  file  memory  30  by  way  of  the 
data  separation  circuit  28  over  the  input/output  sig- 
nal  line  43  (step  803).  Upon  receiving  the  starting 
address  on  the  data  separation  circuit  31  in  con- 
nection  with  the  input/output  signal  line  43  (step 
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Although  RAM  is  used  as  a  semiconductor 
memory,  other  types  of  memories  such  as  EEPR- 
OM  can  also  be  used. 

By  receiving  serial  data  and  converting  it  into 
s  parallel  data  inside  the  semiconductor  file  memory 

so  that  it  is  stored  in  the  semiconductor  memory, 
and  by  reading  parallel  data  out  of  the  semicon- 
ductor  memory  and  converting  it  into  serial  data 
inside  the  storage  so  that  it  is  transferred  to  the 

10  outside,  the  number  of  lines  connected  with  exter- 
nal  devices  can  be  reduced,  and  as  a  result  the 
number  of  connector  pins  can  be  reduced.  Con- 
sequently,  small  insertion  and  extraction  forces  are 
required,  and  a  highly  reliable  semiconductor  exter- 

75  nal  storage  can  be  realized. 
The  semiconductor  file  memory  receives  the 

starting  address  of  data  access  area  in  the  semi- 
conductor  memory,  transfer  word  volume  informa- 
tion  or  transfer  end  information  indicative  of  the 

20  volume  of  transferred  data  and  transmission  data 
corresponding  to  the  address  as  a  string  of  serial 
data  included  in  the  transfer  information,  and  it  sets 
the  starting  address  to  the  address  access  circuit 
and  sends  the  transfer  word  volume  information  or 

25  the  like  to  the  end  detection  circuit  so  that  the 
semiconductor  memory  is  accessed  only  for  data 
in  number  corresponding  to  the  transfer  word  vol- 
ume,  whereby  only  necessary  data  can  be  written 
or  read.  This  enables  reading  and  writing  to  take 

30  place  for  any  volume  of  data  on  a  case  by  case 
basis,  and  the  volume  of  transferred  data  can  be 
varied  at  any  transfer  event.  Consequently,  a  spe- 
cific  address  can  be  accessed  in  a  short  time, 
while  at  the  same  time  mass  data  can  be  trans- 

35  ferred  at  a  short  time  in  block  transfer  mode,  and 
efficient  data  transfer  which  matches  the  volume  of 
transferred  data  can  be  accomplished. 

detection  circuit  which  operates  on  a  battery  41  to 
supply  power  to  the  semiconductor  memory  36  so 
that  the  stored  data  is  retained  in  the  event  of 
power  interruption  from  the  power  source  23. 

In  this  embodiment,  the  driver  20  and  file 
memory  30  are  connected  through  a  total  of  six 
signal  lines  for  implementing  information  transac- 
tion.  The  data  transfer  rate  between  the  driver  20 
and  semiconductor  file  memory  30  is  as  high  as 
several  M  bits/sec  to  12  M  bits/sec  or  more. 

The  number  of  signal  lines  between  the  driver 
20  and  semiconductor  file  memory  30  can  further 
be  reduced  by  transmitting  the  synchronizing  clock 
and  the  like  on  the  basis  of  frequency  multiplexing 
which  allows  signals  to  be  transmitted  over  the 
same  line. 

Although  in  the  foregoing  embodiments  the 
semiconductor  file  memory  comprises  the 
serial/parallel  conversion  circuit  which  receives 
serial  data  and  converts  it  into  parallel  data  to  be 
stored  in  the  semiconductor  memory,  the 
parallel/serial  conversion  circuit  which  receives  par- 
allel  data  read  out  of  the  semiconductor  memory 
and  converts  it  into  serial  data,  the  extraction  circuit 
which  extracts  address  data  from  serial  data  sent 
from  an  external  device,  the  information  separation 
circuit,  etc.,  these  circuit  blocks  may  be  integrated 
as  an  interface  circuit,  and  this  invention  is  not 
confined  to  the  combination  of  circuits  named  as 
described  above. 

Transfer  information  data  in  the  preceding  em- 
bodiments  may  included  read/write  control  informa- 
tion,  character  synchronizing  information,  etc.,  in 
addition  to  the  starting  address,  transfer  data  word 
volume  and  transaction  data. 

The  starting  address  and  transfer  word  volume 
may  be  transferred  earlier  independently  prior  to 
transaction  data,  or  they  may  be  transferred  at  the 
same  time.  In  reading  data  out  of  the  semiconduc- 
tor  memory,  the  starting  address  and  transfer  word 
volume  are  transferred  in  advance. 

In  the  following  embodiments,  in  storing  data  in 
the  semiconductor  memory,  data  end  information 
may  be  appended  to  the  data,  in  place  of  the 
transfer  data  word  volume  information,  so  that  the 
file  memory  detects  the  information  to  end  the 
access  to  the  semiconductor  memory.  Such  data 
end  detection  can  be  implemented  by  merely  de- 
coding  data  in  the  input  signal  separation  circuit. 
Accordingly,  the  word  counter  can  be  substituted 
by  the  end  detection  circuit  which  detects  the  end 
of  transferred  data.  The  term  "word"  used  for  the 
transfer  data  word  volume  does  not  imply  a  word  of 
a  specific  number  of  bytes,  but  instead  any  quan- 
tity  of  information  can  be  defined  as  a  unit  of  word. 

Although  in  the  foregoing  embodiments  the  ad- 
dress  counter  has  access  control,  the  address  out- 
put  of  the  microprocessor  may  be  used  for  access. 

40  Claims 

1.  A  semiconductor  file  memory  (15)  having  a 
semiconductor  memory  (1)  connected  to  an  in- 
formation  processor  (21)  and  operating  to  store 

45  data  transferred  from  said  information  processor 
and  read  out  stored  data,  said  file  memory  (15) 
comprising  a  serial/parallel  conversion  circuit  (7) 
which  receives,  in  a  serial  manner,  data  to  be 
stored  in  said  semiconductor  memory  (1)  and  con- 

so  verts  the  data  into  parallel  data;  a  parallel/serial 
conversion  circuit  (6)  which  receives  data  read  out 
of  said  semiconductor  memory  (1)  and  converts 
the  data  into  serial  data;  and  an  address  data 
holding  circuit  (3)  which  holds  address  data  trans- 

55  ferred  from  said  information  processor  (21), 
wherein  serial  data  transferred  from  said  informa- 
tion  processor  is  converted  into  parallel  data  by 
said  serial/parallel  conversion  circuit  (7)  and  the 
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words  in  the  transmission  data,  and  wherein  said 
semiconductor  memory,  interface  (25),  address  ac- 
cess  circuit  and  word  counter  are  packaged  in  a 
same  case  and  connected  with  a  semiconductor 

5  file  memory  driver  (20)  through  a  connector. 
7.  A  semiconductor  file  memory  according  to 

claim  5,  wherein  said  end  detection  circuit  com- 
prises  a  word  counter  which  counts  the  number  of 
words  in  the  transmission  data,  and  wherein  said 

10  semiconductor  memory  (1,36),  interface,  address 
access  circuit  and  word  counter  are  packaged  in  a 
same  case  and  connected  with  a  semiconductor 
file  memory  driver  (20)  through  a  connector. 

8.  A  semiconductor  file  memory  comprising  a 
75  semiconductor  memory  (1,  36);  an  interface  (25) 

which  receives  a  serial  data  string  containing  ad- 
dress  information  indicative  of  the  starting  address 
for  accessing  said  semiconductor  memory  (1,  36) 
from  an  external  device,  transmission  data,  and 

20  transfer  end  information;  an  address  access  circuit 
(3)  which  makes  access  to  an  address  of  said 
semiconductor  memory  (1,  36);  and  a  detection 
circuit  which  detects  the  transfer  end  information, 
wherein  said  interface  includes  a  serial/parallel  con- 

25  version  circuit  (31b)  which  receives,  in  a  serial 
manner,  data  to  be  stored  in  said  semiconductor 
memory  (1,  36)  and  converts  the  serial  data  into 
parallel  data,  a  parallel/serial  conversion  circuit  (31) 
which  receives,  in  a  parallel  manner,  data  read  out 

30  of  said  semiconductor  memory  (1,  36)  and  con- 
verts  the  parallel  data  into  serial  data,  and  wherein 
the  address  data  transferred  from  said  external 
device  is  set  in  said  address  access  circuit,  the  set 
address  data  is  incremented  or  decremented,  the 

35  transmission  data  is  stored  in  said  semiconductor 
memory  (1,  36)  or  stored  data  is  read  out  of  said 
semiconductor  memory,  and  the  data  storing  or 
reading  operation  is  terminated  in  response  to  the 
detection  of  transfer  end  information  by  said  detec- 

40  tion  circuit. 
9.  A  semiconductor  file  memory  comprising  a 

semiconductor  memory  (1,  36);  an  interface  which 
receives  a  serial  data  string  containing  address 
information  indicative  of  the  starting  address  for 

45  accessing  said  semiconductor  memory  from  an 
external  device,  transmission  data,  and  transfer  end 
information;  an  address  access  circuit  (3)  which 
makes  access  to  an  address  of  said  semiconductor 
memory  (1,  36);  and  an  information  separation  cir- 

50  cuit  which  separates  the  address  information  from 
said  serial  data  string,  delivers  the  separated  ad- 
dress  information  to  said  address  access  circuit 
and  detects  the  transfer  end  information  in  the 
serial  data  string,  wherein  the  address  information 

55  is  set  in  said  address  access  circuit  (3),  the  set 
address  information  is  incremented  or  decremen- 
ted,  the  transmission  data  is  stored  in  said  semi- 
conductor  memory  (1,  36)  or  stored  data  is  read 

converted  data  is  stored  in  said  semiconductor 
memory  (1)  in  accordance  with  address  data  held 
in  said  address  data  holding  circuit  (3),  and 
wherein  parallel  data  stored  in  said  semiconductor 
memory  (1  )  is  read  out  in  accordance  with  address 
data  held  in  said  address  data  holding  circuit  (3), 
the  readout  data  is  converted  into  serial  data  by 
said  parallel/serial  conversion  circuit  (6)  and  the 
converted  data  is  transferred  to  said  information 
processor  (21  ). 

2.  A  semiconductor  file  memory  according  to 
claim  1,  wherein  said  file  memory  (1)  is  connected 
to  said  information  processor  (21)  through  at  least 
six  lines  including  a  serial  data  transfer  signal  line 
(9),  a  synchronizing  clock  signal  line  (10),  a  circuit 
reset  signal  line  (11),  a  write/read  control  signal 
line,  a  power  supply  line  (97),  and  a  ground  line 
(48). 

3.  A  semiconductor  file  memory  according  to 
claim  1  ,  wherein  said  serial  data  transfer  signal  line 
(9)  has  a  data  transfer  rate  of  12  M  bits/sec  or 
higher. 

4.  A  semiconductor  file  memory  (15)  compris- 
ing  a  semiconductor  memory  (1);  an  interface  (25) 
which  receives  a  serial  data  string  containing  ad- 
dress  information  indicative  of  the  starting  address 
for  accessing  said  semiconductor  memory  from  an 
external  device,  transfer  word  volume  information 
indicative  of  the  number  of  transferred  words,  and 
transmission  data;  an  address  access  circuit  which 
makes  access  to  an  address  of  said  semiconductor 
memory;  and  an  end  detection  circuit  which  de- 
tects  the  end  of  transferred  data,  wherein  said 
interface  separates  the  transfer  word  volume  in- 
formation  from  the  serial  data  string  and  delivers 
the  separated  information  to  said  end  detection 
circuit  (34),  separates  the  address  information  from 
the  serial  data  string  and  delivers  the  separated 
information  to  said  address  access  circuit,  sets  the 
address  information  to  said  address  access  circuit 
and  increments  or  decrements  the  set  address 
information,  and  stores  the  transmission  data  in 
said  semiconductor  memory  or  read  stored  data 
out  of  said  semiconductor  memory,  and  wherein 
said  end  detection  circuit  detects  the  end  of  trans- 
ferred  data  on  the  basis  of  the  transfer  word  vol- 
ume  information  and  terminates  the  data  writing  or 
reading  operation  in  response  to  the  detection  of 
the  data  end. 

5.  A  semiconductor  file  memory  according  to 
claim  2,  wherein  said  address  access  circuit  (3) 
comprises  an  address  counter  (37)  and  said  in- 
formation  separation  circuit  comprises  a  micropro- 
cessor,  a  memory  and  a  control  program  stored  in 
said  memory. 

6.  A  semiconductor  file  memory  according  to 
claim  4,  wherein  said  end  detection  circuit  com- 
prises  a  word  counter  which  counts  the  number  of 
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out  of  said  semiconductor  memory,  and  the  data 
storing  or  reading  operation  is  terminated  in  re- 
sponse  to  the  detection  of  the  transfer  end  informa- 
tion  by  said  information  separation  circuit. 

10.  A  storage  system  having  a  driver  (20)  5 
which  is  connected  directly  or  through  a  bus  to  an 
information  processor  (21),  and  a  semiconductor 
file  memory  (30)  including  a  semiconductor  mem- 
ory  (36)  which  is  connected  to  said  driver  (20)  and 
operating  to  store  data  transferred  from  said  in-  10 
formation  processor  and  read  out  data,  wherein 
said  semiconductor  file  memory  comprises  a 
serial/parallel  conversion  circuit  (31b)  which  re- 
ceives,  in  a  serial  manner,  data  to  be  stored  in  said 
semiconductor  memory  (1  ,  36)  and  converts  the  /5 
data  into  parallel  data;  a  parallel/serial  conversion 
circuit  (31a)  which  receives  data  read  out  of  said 
semiconductor  memory  (36)  and  converts  the  data 
into  serial  data;  and  an  address  data  holding  circuit 
(32)  which  holds  address  data,  transferred  from  20 
said  information  processor  wherein  serial  data 
transferred  from  said  driver  is  converted  into  par- 
allel  data  by  said  serial/parallel  conversion  circuit 
(31b)  and  the  converted  data  is  stored  in  said 
semiconductor  memory  in  accordance  with  address  25 
data  held  in  said  address  data  holding  circuit,  and 
wherein  parallel  data  stored  in  said  semiconductor 
memory  is  read  out  in  accordance  with  address 
data  held  in  said  address  data  holding  circuit  and 
the  readout  data  is  converted  into  serial  data  by  "  30 
said  parallel/serial  conversion  circuit  (31a)  and  the 
converted  data  is  transferred  to  said  driver  (20), 
said  driver  (20)  transferring  data  from  said  semi- 
conductor  file  memory  (36)  to  said  information  pro- 
cessor  (21  )  and  transferring  data  from  said  informa-  35 
tion  processor  to  said  semiconductor  file  memory 
(36). 

11.  A  storage  system  using  a  semiconductor 
file  memory  set  forth  in  claim  10,  wherein  said  file 
memory  (36)  is  connected  to  said  driver  (20)  40 
through  at  least  six  lines  including  a  serial  data 
transfer  signal  line  (43),  a  synchronizing  clock  sig- 
nal  line  (44),  a  circuit  reset  signal  line  (45),  a 
write/read  control  signal  line  (46),  a  power  supply 
line  (47),  and  a  ground  line  (48),  and  wherein  data  45 
is  transferred  in  a  parallel  manner  between  said 
driver  (20)  and  said  information  processor  (21). 
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