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Abstract: Shorter minimum channel lengths (Lyy) increase efficiency because, while conduction losses Ex
change minimally (since a lower supply voltage Vpp opposes the effects of a lower Ly in channel resistance
Rsw), switching gate-drive losses Eg decrease with the square of reductions in Ly (since energy decreases with
the square of Vpp and a higher Cox opposes a lower Lyyy). Ultimately, however, the power source limits the
extent to which Ly can reduce, because a 2.7 — 4.2-V Li lon, for example, requires 5-V (0.7-um) switches.

Validation Example: Consider a 0.5 V-to-1 V, sub-mW boost converter in discontinuous-conduction mode
(DCM) that outputs fixed packets of energy per cycle Eq/cycle with a 50-pH, 5-Q inductor Ly peaking at 4 mA
(irepk)) and switching with a 1-ns dead time. The circuit raises output current I by increasing switching frequency
fsw, where fsw is nominally at 100 kHz. The selected aspect ratios for the switches Wopr/Lyn ensure Eg and Eg's
sum remains minimal for every sample case. Quiescent current I includes analog (Iosw)), duty-cycled (Iop)), and
bias (Igs) components. With

: : 0.18 pm 0.35 pm 0.5 pm
VT.*& mdepen.(tlenﬂy adJuSte(.li Lvv (Process) 005 T pMos | NMOS | PMOS | NMOS | PMOS
oxide - capacitance Il)lel‘ fum Max. Vas, Vos | 18V | 18V 33V | 33V | 45V | 45V
area  Cox and, therefore, Vin 065V | 058V | 05V | 06V | 086V | 08V
transconductance  parameter Cox (Tox) 7.7 fF/um” (45 A) 4.5 fF/um’ (74 A) 2.3 fF/um? (151 A)
K' increase with reductions in 135 ) ) 33 47 12.5
K' 35 LA/V? | 89 LAV
Lyin, as the table shows, and nA/V? " " uA/V? A% BA/V?

breakdown voltages decrease. Table 1. Process nodes.

Losses: With fixed packets of energy per cycle, Pr (< iRMszREQ) increases with fgw and Rgw so, since a rise in K'
(i.e., Cox) offsets a fall in Vpp, Pr o Lyunfsw/W. Since Pg is (COXWLMIN)VDDZfSW and Cox (¢ 1/Lyvy) cancels
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There is an optimum Wopr/Ly that
balances (and minimizes aggregate losses) Er and Eg, as Fig. 1a shows, so when using Wopr, total losses Er + Eg
+ Eq or E; (in Fig. 1b) oc Ly, but because Eg decreases faster than Er with lower Lyn's, Er's effects magnify at
lower Ly's and E;'s falling rate, as a result, decreases at lower Ly's.

Fig. 1. Losses across (a) optimal channel width and (b) process node.

Simulation Results:
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Fig. 2. (a) Circuit and (b) efficiency.

Table 2. Efficiency performance.




