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Abstract

A low power PRAM using a power-dependant data inversion (PDI) scheme is proposed. The PRAM consumes large
write power because large write currents are required during long time. Also, the power consumptions for storing ‘1’ and
‘0’ are different. The PDI circuit compares the power consumptions to store the original data and its inverted data, and
then it stores the less power consuming data. Although the PDI scheme needs an additional inversion bit per data, the
maximum and average powers of the PDI can be under 50% and 37.5% of the conventional write scheme, respectively.
The average power for storing 8bit data is under 41%, due to the inversion bit. The 1K-bit PRAM chip with 128x8bits
was implemented with a 0.8um CMOS technology with a 05um GST cell.
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Fig. 1. Basic structure of PRAM unit-cell.
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Table 1. Power Comparison of direct write and DCW.
Cell Data| Conventional Scheme Proposed Scheme
Transitio
n Power Probability Power | Probability
00— 0 PSEF 1/4 0 //4
0—1 Presgr 1/4 Preser 1/4
1-90 Pser 1/4 Psgr 1/4
1—-1 Preser 1/4 0 1/4
Af\)l:;‘]ae%e (Pser + Preser)/2 (Pser + Preser)/4

AEge 2R3}A ek w2y DCW 7199 H3a A
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Table 2. Write power comparison of various write
schemes.
irect | pcw (3] | BIC [4) PDI
Max. Pser Psgr Pepr/2 -
Power 1 1 05 < 05
(Poer -
(Psgr + (Psgr + PRESSE;T)/ZL -
Average | Preser)/2 | Preser)/4
Power @ x0.75
n=c (n=8) 0375 < 0375
1 05
041 (<0.41)
F 3 8H|IE Hjo|E{el M7 M2 Hrte| of

Table 3. Write power calculation example with 8bit
data(Psgr=0=5 & Pgeser=1).

Pore & Invert Tiansiti| Power
Preser=1) on (a=5)
Read data 0001,0111 0 - -
Write data 0001,1000 0 - -
Inverted data 11100111 1 - -
Direct Write aaal,laaa - - 6a+2=32
DCW 0000,1aaa - - 3a+1=16
Non-inverted 0000,1aaa 0(0) 4 3a+1=16
Inverted 11aa,0000 (¢Y) 5. 20+3=13
BIC Non-inverted 0 4 3a+1=16
PDI Inverted 1 5 20+3=13
PDI:= DCW$} BIC 258 AM&-3t7l= 3w, PDI
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Table 4. normalized average write power comparison
with 8bit data and a=PSET/PRESET.
a Direct Write DCW PDI
1 1 05 041
2 1 05 0.40
3 1 05 0.39
4 1 05 0.39
5 1 05 0.38
6 1 05 0.38
7 1 05 0.37
8 1 05 0.37
9 1 05 0.37
10 1 05 0.37
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Fig. 4. Flowchart of the PDI scheme.
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Table 5. Features of the PDI-PRAM chip.

0.8pm CMOS process
Technology with 0.5pm GST cell and 2 metals
Organization 128 x8 bits (Internally 9bit)
Supoly Vol VDD = 5V
] oltage
PRy g VCC = 14V
Read Time 10 ns
SET = 1000 ns @ 4.5mA
Write Time
RESET = 50 ns @ 16mA
Chip Core Area 24 mm2
READ = 74p]
Energy / bit SET = 64nJ
RESET = 12n]
Write Enble U-Ln B
L :
Read value gt B i B oy et I
in a PRAM cell 1.1 G 110 0011 101
Write Current ‘ :u: .-'l, ‘2 -
3 : S
Iser =4.5mA lreser =16mA
T351=1 us TRESET=50ns
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Fig. 11. Measured waveforms of the PDI-PRAM chip.
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