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Abstract: Silicon on Thin BOX (SOTB) MOSFET is a low power FD-SOI device that can control the
leakage power and operational speed by scaling body bias voltage. A low power micro-controller using the
SOTB technology can save the energy by giving a large reverse bias to reduce the leakage power in the sleep
mode, and waking up when it is requested. The paper makes the fundamental issues clear for using the
above bias control method based on the measurement of a micro-controller V850 Estar. Real chip evaluation
demonstrated that 89.7% of leakage can be saved in the sleep mode. Break Even Time (BET) on which the
leakage reduction exceeds power overhead of body bias control is 2.177 ms in the core macro and is 19.30 ms
in the memory macro. Also, the response delay of body bias control is at most 229.3 us. These evaluation
results must be concerned in the bias control. Finally, a leak monitor which can detect the wake up from the
sleep mode is proposed. The target active body bias voltage to be detected can be given from outside the
chip according to the setting voltage given by the proposed expression with almost no error to the SPICE
simulation results.
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Fig. 1 Cross-sectional view of SOTB MOSFET, (a) pMOS,
(b) nMOS.
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Fig. 2 Photo of the implemented V850.

F 1 R V850 DEIFHTT
Table 1 Implementation conditions of the V850.

process 65-nm FD-SOI (LEAP SOTB)
logic gates 46.2K

128K + 128K
Design Compiler

local memory
Logic Synthesis
Routing of Layout IC Compiler
Package 208PIN QFP
Standard Voltage 0.4V

710



BERIEF =R NEE Vol.57 No.2 708-717 (Feb. 2016)

& 2 V850 DETTFE
Table 2 Abbreviations of the voltage of the V850.
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Fig. 3 Maximum operational frequency of the real chip V850.
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Fig. 4 Standby power of the V850.
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Fig. 5 Chip temperature of the V850 under operation.

Sleep Operate
i | Wakeup time | o
. H ake up time !
! BET at A\ Yi
— : VBP
VBN 1 ﬂ AI —
el — =t
: : Chip| VBN
VBP :
2 2 : 3 P
Reverse Bias Operational Bias

Time

6 EIYRT 1 N4 T AT OB &M
Fig. 6 Concept of the dynamic body bias control.
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Fig. 7 Energy overhead of controlling body bias.
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Fig. 8 Break Even Time (BET) of controlling body bias.
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Table 3 Time overhead of dynamic body bias control.
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wake up | 118.5 229.3
VBN, VBNM sleep 98.67 191.5
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In a target macro :
MEM, CORE

Put outside a taget macro

Detection Part

Amplifier

9 RETZY—27E=4 0 CMOS HK (VBP M)
Fig. 9 Proposed leakage current monitor (VBP detector).

TICZEDEFFHEHAT AL TEL N

ZIT, K@XTlE, IhooiE% L, SOTB T
FIFIWEET, MABRNRRTANA T ARHRETE L) —
7 E= 4 A [14] 2 IRFET 5. ZONEKIER 9 ITRT L)
2, V=2 &R EmET AMEE (Detection Part) &, %
D) — 7 BIHOE T & BAES 2 =B IR (Differential
amplifier) 2SR SN TS, MLIZKRT 4 NN T A%
BICLETSTLY =7y bO< 7 ONOFEBICEX, Fh
DAz~ 7 ahtosEiEsicE < .

VBP SRV IN—= AN, T AIRBETH 5 & &, ZBhd
TR S ) — 7 BN S Wiz, M1 O 7%
mm# S rh, LIehoT, VGND@%& “W” TH

. RIZ, VBP ZEMEREDNA T AIZERSEDL L, &
ﬁﬁ NS = ZEWAMLICE o TEIME L, M1 O

A 2PN E LR, VGND O&EMIZ AT 5.
VGND 7" VREF OBEIZ o 7- & &, ZBEIERE %O
WD ELET A, L72h8o TREPKIZZEWNY IN— AN, T
ZAREED S, BWEHEEDNA 7 A ) Beb o2k &2, H
NHEAT B LT, RFANALT AP W b7z b
%ﬂ%%é@%ktfﬂﬁ?%é

DLRCih 720 — 27 £ = BRI O K O BIEEAL %
X 10 12779, ¥ 32 b —3 3 »I2IZ HSPICE, i/ 7 A
75) L LTIEEEET A 79 Wiz, Vpp =04V,
TEWERED VBP 1305V, FEERD ) )N— 234 7 213
VBP = 1.5V, VREF 1213 Vpp/2 & 0 & Tk 017V
5.2, Van 30V TH A, BERFICLY, REMBEL
ELLEELTWDL Z LD HRTE L. =7y b~
2O pMOS DR T 4 /N4 7 ATH 2 VBP RO
15V DR IN—= 2N T A0S, @fERFED 0.5V IER
LTWwWh, ZOBEBOKR TN VGND » VREF |23
L7zBs, ZEEIEE %2 /0 L C DOUT ) Bb->Twnb,
%8B, VBN D) — 7 =% b FAEOFIETIEKT 5 =
ENTELLD, UBIIVBPRHO) — 27 =85 DA EE
HHIZ R~

5.2 BHENRRT N1 T7IXEEDEKTE
NH~A70aryra—3, R ESTLHT )7 —

© 2016 Information Processing Society of Japan

/@%Eﬁ—@ﬁ@]\%

04V

0.6
0.4
0.24
0.04

oV VEN

204 Stanaﬁi EOperatlon Standuy Operatmn

1.0 L5 H 15V
1\ 0.5V 0.5V

0.0

; 0.4
E oz i E ;
& oo oV, ; 02V | _ov: ) 02V 0.2v
2 o P P VGND
0.6
0.4 v i
24 L] 04V H .4V
giw ovi ov'! 0
_0'2 i L yourt
0.6 i
0.4] — Hi
O_ZAJ 0.4V! 0.4V ‘ 0.4V
' ov N\
001 - P DOUT
02 T T T 1
200u 300u 400u 500u
Time [s]

X 10 FRERFEOTHENRIE (HSPICE f#H)

Fig. 10 Waveform of the leakage current monitor.
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Fig. 11 Threshold voltages simulation, (a) Vry vs. Vys,
(b) Vru vs. Reverse Body Bias.
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Fig. 13 Differences of V44, at room temperature.
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Fig. 14 Power overhead of the proposed leakage monitor.
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