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Pass-transistor Logic with Low Threshold Voltage NMOS

Bu-YEoL LEEt and KAazuo TAKIH

New pass-transistor logic family, ATSPL and MTSPL, are developed combining the power
conscious pass-transistor logic SPL with low Vth NMOS. ATSPL and MTSPL realize lower
voltage operation and higher speed operation than SPL correspondingly. ATSPL has a similar
structure with that of SPL except for replacing normal NMOSs at pass-transistors and output
inverters with low Vth NMOSs. MTSPL only replaces NMOS pass-transistors in SPL with
low Vth NMOSs. 32-bit adders are designed in SPL, ATSPL and MTSPL for an evaluation.
Comparing with 3V operation SPL adder, 1.8 V operation ATSPL adder has 110% delay time
and 45% E-D product of that of SPL, while 3V operation MTSPL adder shows 71% delay
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time and 75% E-D product.
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Fig.1 Example of SPL circuit and corresponding BDD.
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Fig.2 Long series of NMOS pass-transistors.
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Table 1 Delay of long series of NMOS pass-transistors.
Vbbb Cap2 = 0fF Cap2 = 100 fF
(V) L-H|H—-L|L—-H|H-—>L
SPL 3.0 11.9 8.5 13.6 9.8
MTSPL 3.0 6.0 6.1 7.1 7.3
ATSPL 3.0 5.4 6.1 6.1 6.8
ATSPL 1.8 10.5 10.4 12.4 12.0
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Fig.3 Long series of inverters.
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Fig.4 Supply voltage vs. delay time.
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Fig.5 32-bit Adders: SPL, ATSPL and MTSPL.
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Fig.6 Structure of drain-input circuits.
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Table 2 Simulation results of 32-bit adders.

#Tr. | VDD Delay Energy ED
(V) (ns) (pico J) (ratio)
SPL 1135 | 3.0 | 30.8 (1.00) | 160.2 (1.00) | 1.00
MTSPL | 1135 | 3.0 | 21.8 (0.71) | 169.6 (1.06) | 0.75
ATSPL | 1311 | 3.0 | 18.4 (0.60) | 255.0 (1.59) | 0.95
ATSPL | 1311 | 1.8 |33.9 (1.10) | 65.8 (0.41) | 0.45
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Table 3 Leak current reduction effect at the time of
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