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Abstract

With a wide spread of 32 bit personal computers, a simple structure and high performance
memory system have been highly required.

In this paper, a memory block is constructed by using a modified hierarchical bit line in which
the DRAM bit line and the latch which works as a SRAM cell are integrated by an interface gate.
And the new architecture memory DSRAM (Dynamic Static RAM) is proposed by interleaving
the 16 memory block. Because the DSRAM works with 16 page, the page miss ratio becomes
small and the RAS precharge time which is incurred by page miss is shortened. So the DSRAM can
implement an optimum page interleaving and it has good compatibility to the existing DRAMs.

The DSRAM can be widely used in small computers as well as a high performance memory
system.
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DSRAM and other method. DRAM.
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| Size bank 32K byte I b‘ K Din . Data bus Din . Data bus
Mai AM byto/ 2n Dout Dout
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No. of 16 d d
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Appendix : SPICE simulation of a modified hierarchical bit line

INPUT CONDITION:
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*: DRAM CELI
+: DRAM BIT 1INE =: DR\ BIT LINE®
$: SRAM BIT 1INE : SRAM RIT LINE®
TIME DRAM CELL  DRAM DRAM SRAM SRAM
BIT LINE  BIT LINE¥* BIT LINE  BIT LINE* 0.0 1 2.5 3.75 5.0
.000E+00 5.000E+00  2.500B+00  2.500E+00  2,336E-11  5.000E+00 H
1.000E-09 5.000E+00  2.500E+00  2.500E+00 -3.815E-07  5.000E+00 s
2.000E-09 5.000E+00  2.500E+00  2.500E+00  3.423E-08  5.000E+00 s
3.000E-09 5.000E+00  2.500E+00  2.500E+00  4.467E-09  5.000E+00 s
4.000E-09 5.000E+00  2.500E+00  2.500E+00  3.338E-08  5.000E+00 s
5.000E-09 5.000E+00  2.500E+00  2.500E+00  4.046E-08  5.000E+00 $
6.000E-09 5.000E+00  2.500E+00  2.500E+00 1.974E-08  5.000E+00 $
7.000E-09 5.000E+00  2.500E+00  2.500E+00 1,549E-0B  5.000E+00 s
8.000E-09 5.000E+00  2.500E+00  2.500E+00  3.219E-08  5.000E+00 B
9.000£-09 5.000E+00  2.500E+00  2.500E+00  3.302E-08  5.000E+00 $
1.000E-08 5.000E+00  2.500E+00  2.500E+00  1.368E-08  5.000E+00 s
1.100E-08 5.000E+00  2.397E+00  2.493E+400  1.349E-01  5.021E+00 .8
1.200E-08 5.000E+00  1.730E+00  2.492E+00  5.910E-01  5.014E+00 . s
1.300E-08 5.000E+00  1.004E+00  2.722E+00  6.932E-01  4.442E+00 . s 4+
1.400E-08 5.000E+00  6.533E-01  2,998E+00  4.681E-01  4.279E+00 . $ +
1.500E-08 5.000E400  4.182E-01  3,122E+00  2.942E-01  4.522E+00 .os+
1.800E-08 5.000E+00  2.743E-01  3.211E+00 1.913E-01  4.653E+00 - s+
1.700E-08 5.000E400  1.685E-01  3.289E+00  1.165E-01  4.749E+00 .5+
1.800E-08 4.577E+00  1.138E-01  3,348E+00  7.803E-02  4.806E+00 -X - = *0
1.900E-08 1.462E400  1.168E-01  3.399E+00  7.800E-02  4.849E+00 X < = C.
2.000E-08 3.698E-01  1.214E-01  3.440E+00  8.224E-02  4.878E+00 X . 0.
2.100E-08 2.429E-01  9.131E-02  3.472E+00  6.222E-02  4.898E+0G XX o.
2.200E-08 1.618E-01  6.277E-02  3.499E+00  4.283E-02  4.915E+00 $ex 0.
2, 300E-08 1.103E-01  4.230E-02  3,523E+00  2,903E-02  4.928E+00 X 0.
2.400E-08 7.332E-02  2.280E-02  3.544E+00 1.573E-02  4.939E+00 ux 0.
2.500E-08 4.629E-02  1.260E-02  3.562E+00  8.658E-03  4,947E+00 N 0.
2.600E-08 2,882E-02  5.904E-03  3.578E+00  4,055E-03  4.954E+00 N 0
2,700E-08 1.695E-02  3.481E-03  3.593E+00  2.392£-03  4.960E+00 N 0
2.800E-08 1.025E-02  2.592E-03  3.606E+00 1,732E-03  4.965E400 X i
2.900E-08 3.241E-03 -6.905E-03  3.685E+00 -9.496E-03  4.987E+00 X 0
3,000E-08  -1.633E-03 -6.882E-03  3.881E+00 -1.066E-02  4.388E+00 N = B
3.100E-08  -3.954E-03 -4.729E-03  4.069E+00 -8.043E-03  4.988E+00 N = i
3,200E-08  -1.937E-03  3.222E-03  4.218E+00  1.228E-05  5.000E+00 R : !
3.300E-08 6.704E-04  3.945E-03  4.339E+00 -9.661E-07  5.000E+00 5 : o
3.400E-08 2,235E-03  3.B06E-03  4.442E+00 -3.834E-07  5.000E+0C N = "
3,500E-08 2,945E-03  3.552E-03  4.530E+00  5.375E-07  5.000E+00 N : v
3.600E-08 3.144E-03  3.211E-03  4.602E+00 -6.798E-08  5.000E+0C N =
3,700E-08 3.114E-03  2.851E-03  4.666E+00 -2.621E-07  5.000E+00 N
3,800E-08 2.923E-03  2.488E-03  4.720E+00  3.688E-07  5.000E+00 N
3.900E-08 2.645E-03  2.156E-03  4.764E+00 8.513E-08  5.000E+00 N ¢
4.000E-08 2.347E-03  1.841E-03  4.803E+00 -2.818E-07  5.000E+00 A =0
4.100E-08 2.050E-03  1.577E-03  4.834E+00  8.213E-08  5.000E+00 N =0
4.200E-08 1.770E-03  1.334E-03  4.862E+00  2.107E-07  5.000E+00 N =
4. 300E-08 1,517E-03  1.130E-03  4.884E400 -6.655E-08  5.000E+00 N =0
4.400E-08 1.294E-03  9.530E-04  4.903E+00 -9.428E-08  5.000E+00 N jﬁ\‘
4.,500E-08 1.097E-03  8.021E-04  4.919E+00  1.077E-07  5.000E+00 N s
4.600E-08 9.264E-04  6.733E-04  4,932E+00  1.210E-07  5.000E+00 * o
4.700E-08 7.806E-04  5.648E-04  4.943E+00 -3.940E-08  5.000E+00 * =
4.800E-08 6.561E-04  4.729E-04  4,953E400 -5,015E-08  5.000E+00 \ X
4.900£-08 5.510E-04  3.963E-04  4.960E+00  7.695E-08  5.000E+00 . X
5.000E-08 4.618E-04  3.314E-04 4.967E+00 8.096E-08  5.000E+00 ! )’:
5.100E-08 3.870E-04  2.772E-04  4.972E+00 -2.839E-08  5.000E+00 M
5,200E-08 3.237E-04  2.3156-04  4.977E+00 -3.121E-08  5.000E+00 N X
5.300E-08 2.711E-04  1.93BE-04  4.981E+00  6.406E-08  5.000E+00 N "
5.400E-08 2.265E-04  1.61BE-04  4.984E+00  7.101E-08  5.COOE+00 N :
5.500E-08 1.895E-04  1.351E-04  4.987E+00 ~-3.363E-09  5.000E+00 N ¥
5.600E-08 1.577E-04  1.125E-04  4.989E+00 -7.356E-10  5.000E+00 N X
5.700E-08 1.309E-04  9.347E-05  4.991E+00  7.281E-08  5.000E+00 N t
5.800E-08 1.097E-04  7.81BE-05 4.992E+00  2.565E-08  5.000E+00 t \
5.900E-08 9.187E-05  6.54BE-05  4.994E+00  2.461E-08  5.000E+00 .
6.000E-08 7.669E-05  5.4656-05  4.995E+00  2.430E-08  5.000E+00 * X
6.100E-08 6.419E-05  4.574E-05  4.995E+00  1.295E-01  5.021E+00 *$ . X
6.200E-08 5.372E-05  3.827E-05  4.996E+00  6.514E-01  5.037E+00 N 3 X
6.300E-08 4.491E-05  3.199E-05  4.997E+Q0  1.147E+00  4.1B84E+00 : s 0 =
6.400E-08 3.762E-05  2.680E-05  4.997E+00  1.053E+00  3.499E+00 N $ 0
6.500E-08 3.144E-05  2.240E-05  4.998E+00  7.974E-01  3.886E+00 : $ . 0
6.600E-08 2,634E-05  1.877E~05  4.998E+00  5.697E-01  4.317E+00 : $ 0
6.700E-08 2.209E-05  1.574E-05  4.998E+00  3.999E-01  4.536E+00 X8
6.800E-08 1.841E-05  1.311E-05  4.999E+00  2.679E-01  4.660E+00 X8
6.900E-08 1.5456-05  1.101E-05  4.999E+00  1.818E-01  4.730E+00 ¥s
7.000E-08 1.284E-05  9.152E-06  4.999E+00  1.156E-01  4.7B5E+00 \$
7.100E-08  ~1.893E-02 -1.684E-03  4.999E+00  7.628E-02  4.822E+00 X$
7.200E-08  -4.545E-02 L37T5E-03  4.999E+00  5.084E-02  4.850E+00 hd
7.300E-08  -~7.783E-02 .4586-03  4.999E+00  3.105E-02  4.873E+00 ¥
7.400E-08  -8.661E-02 .424E-03  5.000E+00  2.019E-02  4.891E+00 X
7.500E-08  ~B.660E-02 L1336-03  5.000E+00  1.283E-02  4.905E+00 X
7.600E-08  -B.B59E-02 .B57E-03  5.005E+00  8.311E-83  4.916E+00 X
7.700E-08  -B.658E-02 -1.072E-02  5.011E+00  5.284E-03  4.926E+00 M
7.800E-08  -B.658E-02 (453E-02  5.015E+00  3.378E-03  4,934E+00 X 0=
7.900E-08  -8.657E-02 (333E-02  5.014E+G0 -1.001E-02  4.986E+00 ¥ M
8.000E-08  -B.656E-02 .304E-02  5.014E+00 -1.461E-02  4.9BBE+00 X X
8.100E-08  -8.655E-02 .293E-02  5.014E+00 -4.886E-03  4.989E+00 X X
8.200E-08  -B.655E-02 .3198-02  5.006E+00  2.386E-05  5.000E+00 N X
8.300E-08  -~8.654E-02 (672E-01  4.852E+00  1.413E-07  5.000E+00 X+ . =0
8.400E-08 -B.653E-02 .656E-01 4.446E+00 2.870E-08 5.000E+00 X + = 0
8,500E-08  -~8.652E-02 L492E+00  3.838E+00  2.527E-08  5.0D0E+00 X + = 0
8.600E-08  -8.652E-02 .B9CE+00  3.365E+00  2.362E-08  5.000E+00 X . M . = 0
8.700E-08  -8.651E-02 157E+00  3.022E+00  2.532E-0B  3.000E+00 X . o = 0
8.800E-08  -8.650E-02 .320E+00  2.BO02E+00  2.542E-08  5.000E+00 X . teoE ¢
8.900E-08  -8.649E-02 .4056+00  2.680E+00  2.519E-08  5.000€+00 ¥ to= a
9.000E-08  -8.648E-02 L4536+00  2.605E+00  2.509E-OR  5.000E+00 X += 0
9.100E-08  ~8.648E-02 L481E+00  2.557E+00  2.515E-08  53.000E+00 ¥ += 0
9.200E-08  -~8.647E-02 L491F+00  2.537E+00  2.5156-08  5.000E+00 X N 0
9.300E-08  -B.B46E-02 L198E+00  2.519E+00  2.514E-08  5.000E+00 X X 0
9.400E-08  ~B.645E-02 .500E+00  2.512E+G0  2.511E-08  5.000E+00 X X 0
9.500E-08  -8.6435E-02 (501E400  2.507E+00  2.509E-08  5.000E+00 X X ¢
9.600E-08  -B.B44E-02 (501E+00  2.505E400  2.498E-0B  5.000E+00 X X 0
9.700E-08  -8.643E-02 L501E+00  2.503E+00  2.487E-08  5.000E+00 N X 0
9.800E-08 ~-8.642E-02 .501E+00 2.502E+00 2.4758-08 5.000E+00 X X 0
9.900E-08 ~8.642E-02 LSO1E400  2.501F+00  2.463E-08  5.000E+00 A X 0
1.000E-07 -8.641E-02 L500E+00  2.501F+00  2.379E-08  5.000£+00 X X 0
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