ESSCIRC 2001: 27th European Solid-State Circuits Conference, Villach, Austria, Sep 2001

A True 1V CMOS Log-Domain Analog Hearing-Aid-on-a-Chip

Francisco Sel”l”a—GraeHSl(paco.serra@cnm.es), Lluis GémezQ(llgomez@gaes.es) and Oscar Farl”ésl(oscar.farres@cnm.es)

'@ (Centro Nacional de Microelectrénica, Spain) “&BRES-MICROSON (Microson S.A., Spain)

Design Problem Application Example: Analog Hearing-Aids
Very Low-Voltage (down to 1V) CMOS Systems-on-a-Chip estiater Analog Processing ﬁﬁ_é
sal \ ClassD
l Battery Technology %}*ﬁy N @»% T W@;m
> i Fast /Slow o‘l;_l_j; i i i i i i gigfiftalé
Analog design problem typically approached == ht A IO R B |
using Charge-Pump based Supply Multipliers. .. %%gﬂf_léel(—) v
\l/ C - ! Cont:rol Prloceisor: : — : )
P e R
Fxtra power+area-+components! A’é%%t St%ﬁ%imé Hearing Aid Sclector (1.1V, <ImA, 8KHz)

Novel Analog CMOS Circuit Technique
Log Companding Theory [ =F(V)=K eft2V MOSFET Operating in Subthreshold

Externally Linear Signal Processing

G
@
Vs |
- ) —1 VTO+anZQS \V4
. nUy nUy '
I,m Vm | Non—hneap Vout Iout . I, ; [ _ F(V) _ [Se & G)
— Signal Processing F > —0 Viias—VTO 1%
V V [ge "t e Ut SD
DR, | DRy < DR, , DR, ” \o/ ? 1S
Compression {_ ) Expansion B
e Amplification e Filtering
Iz'n \ % Iout N

e e o mm mm o e e = m mm e = e e o e = o e e o mm = = e e o Em = = = =

' ‘/gaim' _ ‘/gaino I /
G[d_B] = 20log <6) Uy f—SdB/Stage — %
Tuning: +£40dB, 0.43dB/mV(25°C) and suitable for AGC Tuning: 0.64KHzpF /nA(25°C) and programmable order
e Generation e Pulse Duration Modulation
DLy 1,O 01 7o
b —trdl T 4&4% Tl Tttt
Vo T
Iref L fin 51‘) C%— Ve
H Vier = U In P J """ lﬁ “““““““““““ —[ ol e
ST T T e = 1od | | Gt
Lk i j"[ Qp-InP on ron gl IEf ool L1
| l ) < ] _ re 2
v SR, =—=C, ref In P M M | T
}j{ 11 Vre R ! ¢ Q 2(M+1) (\/% + \/W + M + 1)] [5 off ;| T — 2<]thmax ];fthmm>nUtO
PTAT References for Gain and Corner Frequency Low-Offset and Multi-Frequency PDM
Product Example: ~ E x o (A True 1V CMOS Analog Hearing-Aid-on-a-Chip) onclusions
— [T P P e P e e | Parameter This design 1] 2] Units The new circuit technique allows:
o o o b, o ot |; A BTEITE 1 BTEITE
=R G e s . [TC,CIC [TC.CIC o Very Low-Voltage operation
B "i Technology CMOS Bipolar CMOS
——_-’-I VDDmin 1.0 1.1 1.1<><2) V .
N e Best power supply saving
e Ibpe 1000 0.3 .4 LA
i QRpad <1000 < 0.5 Ext.Class-D <14 . . o
i G =0 I3 =3 1B e First HA without Supply Multiplier
L1 b L il ijeq 6 3 7 MV rms
[ W8 7yp ClasD <l N s % e Application to XA Audio ADCs
U Ext.Class-D 0.1 0.6 -
- R |
19 Vi Vi e = 1.3V 2P 2M VLSI CMOS technol [1] Gennum Corp. GA3201 Programmable DynamEQ 11
= o ap;i‘?x.( 5?(01\]\/;58%555‘) - Preliminary Datasheet, Sep 1999, http://www.gennum. com

. 2] Siemens Audiologische Technik GmbH Music: Technical
Actual size: = Imm e SNR > 70dB <1OOHZ_1OKHZ) Information, 2001, http://www.hoergerate-siemens.com




