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# # 4870216621 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: CMOS LOG-COMPANDING / SUBTHRESHOLD / DIFFERENTIAL CLASS-AB /
LOG-COMPANDING AMPLIFIER / LOG-COMPANDING FILTER

KOBKAEW OPASJUMRUSKIT : A DESIGN OF CMOS CLASS-AB DIFFERENTIAL
LOG-COMPANDING CIRCUIT.  THESIS ADVISOR : ASSOC.PROF.EKACHAI
LEELARASAMEE,  Ph.D., \THESIS , COADVISOR :  ASSOC.PROF.APISAK
WORAPISHET, Ph.D. , 94 pp.

This thesis presents a CMOS class-AB differential amplifier and filter based on a log-
companding technique using 0.25 pm CMOS process. This technique requires two main
parts. They are a logarithmic compressor.and an exponential expander. The gain of the
amplifier is achieved by adjusting a controlling voltage obtained from a reference circuit
which is also presented in this research. The non-linear integrator is designed in order to
construct the filter by combining it with the compressor and expander.

The range of current inputis-#1pA and frequency range is between 20 Hz - 20 kHz.
The amplifier consumes less than 3.2 pW from a 0.6 V. supply at the maximum input current
and the THD is 0.55% The-CMRRof the-amplifieris 35:/6 B yielding a high performance in
gliminating the common mode signal. The proposed filter is a first order low pass filter in
which the cutoff frequency.,f can be adjusted. This filter also operates correctly under the 0.6
V supply voltageand draws 4,29 pW power at.its maximum, input. The THD of the filter is
approximately 0.94% which'is satisfactory for1EC-standard.

The presented techniques and,circuits eanhe-utilizedor applied with other circuits,
especially in portable devices such as-hearing aid chip where the area and power are

limited.
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P P
UnuA/ .
& P10 lD11 VGS3 (3 4)
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3.3 12995 ORA (Operational Resistance Amplifier)
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ANANWAN N
TuLARNSELAUNITNAR TSMC 0.25 lulasiuns

MOSIS PARAMETRIC TEST RESULTS

RUN: N94S VENDOR: TSMC
TECHNOLOGY: SCNO025 FEATURE SIZE: 0.25 microns

INTRODUCTION: This report contains the lot average results obtained by MOSIS
from measurements of MOSIS test structures on each wafer of
this fabrication lot. SPICE parameters obtained from similar
measurements on a selected wafer are also attached.

COMMENTS: TSMC 025SPPM.

TRANSISTOR PARAMETERS W/L N-CHANNEL P-CHANNEL UNITS
MINIMUM 0.36/0.24
Vth 0.56 -0.51 Volts
SHORT 20/0.24
Idss 547 -262 uA/Zum
Vth 0.59 -0.54 Volts
Vpt 7.6 -5.7 Volts
WIDE 20/0.24 -7.2 Volts
1dsO 6.2 -3.7  pA/um
LARGE 20/20
Vth D=5 -0.57 Volts
Vjbkd 6.1 -7.0 Volts
1jik -29.3 -6.5 pA
Gamma 0.39 0.52 V~0.5
K* (Uo*Cox/2) 108.6 -26.5 UA/ZNA2

COMMENTS: Poly bias varies with design technology. To account for mask and
etch bias use the appropriate value for the parameter XL in your
SPICE model card.

Design Technology XL

SCN5M_DEEP (lambda=0.12) 0.03

thick oxide, NMOS 0.02

thick oxide, PMOS -0.03

TSMC25 0.03

thick oxide, NMOS 0.03

thick oxide, PMOS 0.03

SCN3M_SUBM (lambda=0.15) -0.03

thick oxide, NMOS 0.02

thick oxide, PMOS -0.03
FOX TRANSISTORS GATE N+ACTIVE P+ACTIVE UNITS
Vth Poly >15.0 <-15.0 Volts

PROCESS PARAMETERS N+ACTV P+ACTV POLY MTL1 MTL2 MTL3 MTL4 UNITS

Sheet Resistance 4.7 3.5 4.2 0.06 0.08 0.08 0.08 ohms/sq
Width Variation 0.05 0.13 0.10 -0.19 -0.00 -0.04 -0.07 microns
(measured - drawn)

Contact Resistance 6.7 5.7 5.7 2.02 4.07 5.79 ohms

Gate Oxide Thickness 58 angstrom



PROCESS PARAMETERS MTL5 N_WELL UNITS

Sheet Resistance 0.03 1191 ohms/sq

Width Variation 0.04 microns
(measured - drawn)

Contact Resistance 8.13 ohms

CAPACITANCE PARAMETERS N+ACTV P+ACTV POLY MTL1 MTL2 MTL3 MTL4 MTL5 N_WELL UNITS

Area (substrate) 1872 1877 97 38 19 13 8 8 62 aF/um"2
Area (N+active) 5912 50 20 14 11 9 aF/umn2
Area (P+active) 5691 aF/um"2
Area (poly) 63 17 10 7 6 aF/um"2
Area (metall) 37 15 9 7 aF/umn2
Area (metal2) 38 15 9 aF/um"2
Area (metal3) 38 15 aF/um"2
Area (metal4) 37 aF/um"2
Fringe (substrate) 440 352 23 60 56 42 24 aF/um
Fringe (poly) 70 42 30 24 21 aF/um
Fringe (metall) 52 36 29 24 aF/um
Fringe (metal2) 49 36 29 aF/um
Fringe (metal3) 52 38 aF/um
Fringe (metal4) 65 aF/um
Overlap (N+active) 627 aF/um
Overlap (P+active) 559 aF/um
CIRCUIT PARAMETERS UNITS

Inverters K

Vinv 1.0 1.03 Volts

Vinv 1.08/0.72 1.5 1.12 Volts

Vol (100 uA) 1.44/0.72 2.0 0.30 Volts

Voh (100 uA) 1.44/0.72 2.0 2.06 Volts

Vinv 1.44/0.72 2.0 1.18 Volts

Gain 1.44/0.72 2.0 -18.28 Volts

COMMENTS: DEEP_SUBMICRON
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ALDVANCED

Linzar
DEVICES, ING ALD1106/ALD1116

QUAD/DUAL N-CHANNEL MATCHED MOSFET ARRAY

GEMERAL DESCRIPTION APPLICATIONS
The ALD11D6/ALD1116 are monolithic quad/dual MN-channel enhance-
mentmode matched MOSFET transistor arrays intended for a broad range
of precigion analog applications. The ALD1106/ALD1116 offer high input \Voltage choppe

mpedance and negative cumrent temperature coefficient. The fransistor leferentlal ampl fler nput stage

* Precisicn current mimors
pairs are  matched for minimum offset voliage and differential thermal + \oltage comparator

Precision current SOUICes

response, and they are designed for switching and amp'ifying applications Dista converterz

n+2V o +12V systems where low input bias current, low input capacitance Sample and Hold

and fast switching speed are desired. These MOSFET devices feafurs very Analog signal processing
arge {almost infinite) current gain in a low frequency, ornear DT, operating

environment. The ALD1106/ALDT116 are building blecks for differential

amplifier input stages, transmission gates, and multiplexer applications,  piy CONFIGURATION

current sources and many precision analcg circuits. ALDIE
—
o1 3 8] oy
FEATURES — 21 oz
* Low threshold voltage of 0.7V G121 F— 7] Guz
* Low input capacitance
» Low Vos 2mV fypical sy [3] 6] Sm2
* High input impedance -- 10140 typical
* Megative current (IDs) temperature cosficient v [2] 5] w
* Enhancement-mode {normally off) !
+ DT current gain 109 DA, PA, 54 PACKAGE
+ Low input and output leakage currents
ALDT106
ORDERING INFORMATION
O [T ~ 4] Dz
Operating Temperature Range*
55 to =125°C 0°C to +T0FC FCin +70°C GH1 2] ._. 18] Gz
&-Pin CERDIP 2-Pin Plastic Dip E-Fin S0IC ENEN 12] smz
D, - (=1
ackage Package ackags v [E] T v
ALDT1E DA ALD1118 PA ALD1118 SA
Dna [5] 0] Dus
14-Rin CERDIP 14-Fin Plasiic Sip 14-Fin SQIC
FPackage Fackage Packags Grg [B] h:l E'_E Gn3
ALD1106 DB ALD1108 PB ALD1108 S8 st [T ] (& sns
* Contact txctory for Imdusttal IEmparature range. DE, PB, 5B PACKAGE
BLOCK DIAGRAM BLOCK DIAGRAM
ALD1106 ALDH116
\.H-n:11) -,-. {5}
Dwn 010 Dz (12) Dy T100 Diogs 15 D (1) Dz (81
Gy 1 z|n—‘#ﬁ|—naum Gyl 5|n—|%}—nﬁu 15} sz'n_‘éﬁl_ﬂﬁm ]
B3 O g Bxa 18) Bns (7) O

@ 1998 Agvanced Linear Devices, Inc. 415 Tasman Drive, Sunnyvale. California 84089 -1708 Tet (408) 747-1155 Fax (208) 747-1236 hitpfwaw.aldine.com



ABSOLUTE MAXIMUM RATINGS
Drrain-souwrce voltage, VDS

132V

Gate-source voltage, VES

12.2v

Power dissipation

500 mW

Operating temperature range PA, 54, P, 58 package
D&, DB package

0"C fo +70°C

-58°C fo +125°C

Storage temperaturs range

-85°C io +150°C

Lead temperature, 10 seconds +250°C
OPERATING ELECTRICAL CHARACTERISTICS
Ta = 25°C unless otherwise specified
ALD1106 ALD1118 Test
Parameter Symibol Min TYp Max Min Typ Max Unit Conditions
Gate Thresheld | Wy 04 o7 1.0 0.4 o7 10 v oz = 1.00A Vaa =Vng
Yoltage
Offset Vokape | Voa 2 i0 2 10 mt | loz = 1004 Vaz =Voa
VaarVaa:
Gate Threshold
Temperature TCur -12 S mifieC
Drift?
On Drain Iz jon a0 48 30 42 m& | Vez =Vpa =5V
Current
Tranzcenductance | Gz 10 18 10 i2 mmne | Vog = 5V lgg= 10ma
Mismatch AG, 08 05
Ouput Gaog 200 200 ureho | Vpg = 5 lgg = 10ma
Conduciancs
Drain Source  |Rps jon) 350 500 350 500 a Vpz =01 Ve =3V
On Resistance
Drain Source
On Resisience |dpz on 0.5 05 S Vpg = 0V Vg =8V
Mismaich
Drain Sourcs
Er=akdown BVhaz 12 12 W loz = 1004 Ve =0V
Voitage
Off Drain loz jors 10 400 10 400 o Wog =12V Vgo =0V
Current! 4 4 n& Ta =125C
Gate Leskage | lzag 0.1 10 0.1 10 P Vpg = W Vg =12V
Current 1 1 nA Ta =125C
Input Cizz 1 ‘. 1 3 pF
Capacitanze*
Motes:  ° Consssts of junction leskage currents

? Sample tested parameters

ALD11084ALD1118

Advanced Linear Devices
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DRAIN S0OURCE CURRENT

TYPICAL PERFORMANCE CHARACTERISITCS

OUTPUT CHARACTERISTICS

LOW VOLTAGE OUTPUT
CHARACTERISTICS

FORWARD TRANSCONMDUCTANCE

DRAIN SOURCE ON RESISTANCE

I 1000 T :
20 - Vgs= OV — Ves=1W L & YessO¥  Ves=i
Ta=C | T 1o B .:EJ -
15 E
- L g ==
< T Y o =
= o ;/ &Y " g
V- T 3
/ /’ L~ z -s00
s 4 W _r— z
s %
! v | A
o B -1000
(] 2 a g a w12 -180 -80 0 80
DRAIN SOUACE VOLTAGE (V) DRAN SOURCE VOLTAGE {mv)
FORWARD TRANSCONDUCGTANCE TRANSFER CHARACTERISTIC
vs. DRAIN SOURCE VOLTAGE WITH SUBSTRATE BIAS
20 20
Vas= OV | E | ‘ | | | "-"!:15='ﬁ"|::5
L T lgs = 10mA | g 5 | | | I ! Ta=25C
s : Ta=+25°C . ! |
5 Ta=size,| \:“\ \ . Ves=ov 2y | -4V |
I e B GE 10 e
N I a2 IIRRED
[ A= o] |
e B A -] z I
a5 AL 3 | | | | NEED
] /AR ' b
oa Ios = 1mA oS Iy
o 2 4 s ] i e o 08 16 24 3z an
DRAIN SOURCE VOLTAZE (V) GATE SOURCE VOLTAGE (V)
DRAIN SOURCGE OM RESISTANCE COFF DRAIN CURRENT vs.
Ros {ON) VS, GATE SOURCE VOLTAGE AMBIENT TEMPERATURE
1000
| - ]
Vps = 0.2V i | wps==12v
Vas =0% |.__I|. Vo5 =Vas =0V /
10 0 100
w
g €z
S '\ Ty = #135°C & C
| E 1
1 z 10
\‘“‘a-% L i l & . L~
\""‘--.__ ___:"—— ——X1 | E __'__‘_...-o-"‘"
Tp = +35°C i g B & |
01 . g ——
] 2 F E & 1oy iz 50 |35/ @ | +25) 80 ¥75 | +100 #1235

GATE SOURCE VOLTAGE (V) AMBIENT TEMPERATURE.{C)
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ALD1107/ALD1117

QUAD/DUAL P-CHANNEL MATCHED MOSFET ARRAY

GEMERAL DESCRIPTION

The ALD1107/ALD1117 are monolithic guad/dual P-channel enhance-
ment mode matched MOSFET transistor arrays intended for a bread rangs
of precision analog applications. The ALD1107/AL01117 offer high input
impedance and negative current temperature coefiicient. The transistor
pairs are matched for minimum cffset voltage and differential themnal
response, and they are designed for precision analog switching and
amplifying applications in +2V to +12V systems where low input bias
current, low input capacitance and fast switching speed are desired. Thess
MOSFET devices feature very large (aimost infinite) cumment gain ina low
frequency, or near DC operating envirenment. The ALD1107/ALDI11 T ars
builiding klocks for differential amplifier input stages. transmission gates,
multiplexer applications, current sources, current mirrors and other praci-
sion analog circuits.

FEATURES

Low threshold woltage of -0.7

Low input capacitance

Low Vs 2m\ typical

High input impedance - 101441 iypical

Low input and output leakage currents
Megative current (Ios) temperature coefficient
Enhancement-mode (nomally cff}

DC current gain 109

Low input and output leakage currents

ORDERING INFORMATION

Operating Temperature Range*
B8 C o +125°C 0°C o +70°C 0°C to +70°C
8-Pin CERDIF B-Fin Plasfic Dip 8-Fin S0IC
Fackage Packages Packags
ALD111T DA ALDITTRA ALDIIT SA
14-Pin CERDIP 14-Fin Plastic Dip 14-Pin SOIC
Fackage Packages Package
ALD1107 OB ALD1107 PB ALDIOT 5B
* Contact faciory for indusiral tempesature range
BLOCK DIAGRAM
ALDYI07
\- 14
Dy 1} Dez i14] Dpa {10} Dpa {5}
G [2) HHHG" 131 Gpai8) D—‘%Hﬁpl 5}
seim ez iz stm e )

APPLICATIONS

* Precigion current sources
Precision current mirrors

‘Voltage Choppers

Cifferential amplifier input stage
‘/oltage comparator

Ciata converters

Sample and Hald

Precision analog signal procesasing

PIN CONFIGURATION

ALDM117 1
Dpq Et‘ - ,jil ]
G [ 7] Gez
sp1 [E] r—il sp2
v [ 5] w+
DA, PA, 54 PACKAGE
ALD1107 1
-
Opq Ej L_EI Dpz2
Gpy [Z1 EI—E Gpz
Spq II;I [13] spz
v [ 1] W+
Dpy Et‘ ITE DP3
Gps [B1 .:D—EI Gr3
Spy II:I 18] sea
DB, PE, 5B PACKAGE
BLOCK DIAGRAM
LT
-r-:-::
Dy 1) Dpg (8]
G (21 “—I |—aEpgrl'
V=51
e () Spz (B}
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ABSOLUTE MAXIMUM RATINGS

Drain-source voltags, VDS
Gate-source voltage, Vs

-132v

=132V

Power dissipation

500 miW

Operating temperature range  PA, 24, B, 5B package
Ci&, DB packags

0°C to +70°C

-55°C fo +125°C

Storage temperature range

-85°C fo +150°C

ALDTOTIALDINT

Lead temperature, 10 seconds +260°C
OPERATING ELECTRICAL CHARACTERISTICS
Ta = 25°C unless otherwise specified
ALDI10T ALDIIT Test
Parameter Symbaol Min Typ Max Min Typ Max Unit Conditions.
Gate Threshold | Vr 04 27 -1.0 S 47 -1.0 W lpe=-10uA Vag =
Veltage
Cffsct Voltage | Voe 2 10 2 i0 i o =-10A Veg =Voa
Vagi-Vesa
Gate Threshold
Temperature TG 13 i3 mii=C
Drift 2
Cn Crain oson | 1.3 -2 13 -z mA | Vzs=Vpa =-GV
Current
Transconductance | Gia 0.25 0.a7 0.25 067 rmho | Yoz =-53Y log =-10mA)
Mismatch Al 0.5 0s %
Output Gag 40 40 wrmho | Wpg =-6W lpg =-10ma
Conductance
Oran Source | Rosz s 1200 1800 1200 1600 o Vpz =-0L1Y Vg =GV
On Resistance
Dran Source
On Resistance |2Rpz o) 0.5 05 %o Wpz =01V Vaz =-0W
Mismatch
Dran Scurce
Breakdown BVzss -1z -12 Y oz =-1.0pAVeEz =0V
Violtage
C#f Drain 10 400 10 400 pA
Current? 4 na
Gate Leakage | gz o1 i0 04 i0 pa
Current 1 1 nA
Input Ciza 1 3 1 3 pF
Caparitance?
Motes: ' Consests of junction leakage currents

# Sample tested parameters

Advanced Linear Daviges
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TYPICAL PERFORMANCE CHARACTERISITCS

CUTPUT CHARACTERISTICS

-0 |
E Vs =0V V_E_J_=_ 2V
5 Ty =25°C =
s 75 L _
o = | -tov
bt g v
T E 50 // —
@ 1 | o]
a 25 —
% ~_ -y
1] -2
. 1
0 -2 -4 4 B A0 -2
DRAIK SOURCE VOLTAGE [V)
FORWARD TRANSCGONDUGTANCE
vs. DRAIN SOURCE WOLTAGE
i 1.0 T T
¥ Vgs =0V Ips = -5Ma
E 05 |- §=1KHHz 7
2 e A
g 0.2 ga = —
- P 2
5% ey s 0
2 E a1 T | Ta=+25°C Ta =+125°C T
- i 1
AR AN
a o Igs = -TmA
1=
E 0.2
&
[ 0.01
0 2 -4 X ] A0 A2
DRAIN SOURCE VOLTAGZE (V)
DRAIN SCOURCE ON RESISTANCE
Ros jon) vs. GATE SOURCE VOLTAGE
" 100
[
g Vips = 04V
& Vps =0V
¥
E 10 [
=
od
ﬁ =
£ 1
a
o
=
:
0
0 -3 -4 - & -10 12

GATE SOURCE VOLTAGE (V)
ALD1107ALDA1TF

-E CURREMNT

na

DRAIN SO0

DRAIN SOURCE CURRENT
(Lo}

QFF DRAINSOURCE CURRENT
pA)

Advanced Linear Devices

LOW VOLTAGE OUTPUT

500

CHARACTERISTICS
T r
VES =0V VGs =12V - | ]
Ta=25C [ ]

-500
-320 -180 a 160 320
DRAIM SOURCE VOLTAGE (mV)
TRANSFER CHARAGTERISTIC
WITH SUBSTRATE BIAS
o0 . | | T
Ves=0v | | ||| |
4v
-5 | av H—=—sv
[ L8
| | | o
* |2
Bl
I |.||
-3 T T
| Ves=Vos
| | | | | | Ta=25C
o ri P IE 1
o -0.8 -1.6 24 -3.2 -0
GATE SOURCE VOLTAGE (V)
OFF DRAIN GURRENT vs.
AMBIENT TEMPERATURE
1000 | |
| Vg =-12v
Vgs = Vgs =0V
100 /
10 —
___...--""-'. = -
L
-50 -25 a +25 +50 #75 +100 125

AMEIENRT TEMPERATURE ("C)

[
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TYPICAL APPLICATIONS

CURRENT SOURCE MIRROR

W =45

12 ALDA107
of ALOH117

W= 45V e A

12 ALDAi0E 4
or ALDA116

O, Gz: M - Channel MOSFET
Os, Qa: P - Channel MOEFET

DIFFERENTIAL AMPLIFIER

o7 Uz ALDOT
or ALD1117

Surrent

172 ALD 108
or ALD1116 ]:.3 Source
L

¥ ‘,l'

04, Oz M - Channel MOSFET
Oz, Oy P - Channel MOSFET

ALDT107FALDI 14T

CURRENT SOURCE WITH GATE CONTROL

182 ALDT107
ar ALD1117

Diigital Lbgic Control
of Current Source
oM

1 14 ALD1106

vor 12 AL 116

01 :N-Channed MOSFET
00y : P - Charnel MOSFET

CURRENT SOURCE MULTIPLICATION

W =5y

l lzouRcE = IsET X M

Cser 04, Owp ALD1106 or ALDT11E
M - Ghannel MOSFET

Advanced Linear Davices B



TYPICAL APPLICATIONS

BASIC CURRENT SOURCES
M- CHAMMEL CURREMNT SOURCE P- CHAMMEL CURRENT SOURCE
TP Wt =45V
_]’ 1z ALDT107
m:—rl = RsET or ALD1117

IZ0URCE l

=

! 1
'
10z |:|1E 5
1 f RS E——
'
1, L SOURCE
172 ALD1106
or ALD1116
lsoURCE = lspy =VETVL 2 V10 L 4
= = RSET RsET RSET
@1, 02 N - Ghannel MOSFET Q3. 04 P - Channel MOSFET
CASCODE CURRENT SOURCES
W= =3V = £S5y

ALD1107

- i :
! i
ISDL.F.:El ' m o2
1
e e bbbt ! ‘
' ! 1
y O4 : :
i
U 1
! 1
H ¢ O3 o4 '
: - i
i
I ! i
1 Dd_:. B g ) e —_— |
,
E IgeT l = FzET l ISOURCE

vl
WE-IME L 3

ISoURCE = ISET = =

RSET RzET
4, Oz, O3, Q4: N - Ghannel MOSFET o1, 02, O3, 04: P - Channed MOSFET
{ALD1101 or ALD1103) {ALD1102 or ALDT 103)

ALD110FALD1117 Advanced Linear Devices
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Compressor.nb

Idn[t] = Isn*Exp[{Vgb[t] - Vton} / {(nN+ Ut} ] *Exp[-Vsb[t] /Ut]

Veons¥gh[r] _ Vbt
{ e WO T [sn }

Idp(t] = -IspExp[{-Vgb[t] = Vtop} / (nP+ UL}] #Exp[Vsb[t] / Ut]
R R
Vgb = Vinp
Vinp

Vsb = Vgain
Vgain

Inl = Idn
{P_g%m+1%¥¥ﬂ Isn}
Vgh = Vinn

Vinn

In2 = Idn

¥gain = Vinn-Veon
4

{P_ (G o Ut :ST‘[IL

Vgb = Vinp - Vdd
-Vdd + Vinp
Vsb = -Vgain
-Vgain
Ipl = Idp

(e tin. vengns )
Vgb = Vinn - Vdd

Vdd +.Vinn
Ip2 = Idp
{ _o- iR Lt e ¢ sp}
Iin={Inl+ Ipl-In2-Ip2}/2

{3 (-e

Vgain | vinn-veen ¥gmin | Vinp-Veon Vgain
[

N UT Izsn+ e (13 BNOE Isn+e (3 nF Ut IgI_'._e

Vdd-Vinn-Veop Ygnin  Vdd-Vinp-Veop
L3 P UE

Isp)

1
J

}
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Expander.nb

Idn[t] = Isn+Exp[{Vgk[t] -Vton} / {n¥+« Ut} ] «Exp[-Vsh[t] /UL]
{E%M Lo YL Isn}

Idp([t] = -Isp+xExp[{-Vgb[t] - Vtop]} / {nP+x Ut} ] xExp[Vsb[t] /UL]
{—eﬂﬁwﬂ*@ Isp}

Vgb = Vinpn
Vinpn

Vsb =0

0

Ind = Idn
{e%’l:ﬁ Isn}
Vgb = Vinnn

Vinnn

N3
S
Lo
-n‘
T

()
(e
&

Iné = Idn

{enﬁm Isn}

. o
3
v - -~
AN %
D
1Y)
P4

X8
Ly

" O
Vgb = Vinpp - Vdd ; (‘
-Vdd + Vinpp | m

Ip6 = Idp

- ﬂ']‘U‘LL’J‘V]‘c’J‘Uﬁﬂ'ﬁ

Vgb = Vinnp - Vdd

-“M+@W'mﬁ NIUUARINLIRE

Ipd = IdP
{ _e T Isp}

Ioutp = Ind - In6 + Ip6 - Ipd

{_e%&“‘fm Isn-t-ev_“ﬁ"iu Isn+aw Isp-em%ﬂl Isp}
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Integratornn.nb

Idn([t] = Isn+Exp[{Vg[t] - Vton] / (M« Ut} ] s Exp[-Vs[t] /Ut]

. VeonsValk] _ Valt
{e mue T uE J_:j'l}

Idp[t] = -Isp+Exp[{-Vg[t] + Vdd - Vtop} / {nP+Ut}] *Exp[{Vs[t] - Vdd]} /s Ut]

Vid-Veap-Vg(e] | -WddiWsje]
& & n¥ ot = 13P L

L I
Vg = Vinn

WVinn

Vs = VX

Wi

In7 = Idn[t]

“Vton+Vinn[t] Vx [£]
{ o ol Ut “Tue . =1 }

Vg = Vinp
Vinp
In8 = Idn[t]

“VEontVinp[t] W [t]
{ e} nll Ut i

Isn}

Vg = Voutnn

Youtnn

Ing = Idn[t]

-Vton+Voutnn[t] Vr[t]
{ @ nff Ut "o Isn }
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Ic = Simplify[In7 - In8]
(ool (Y | md) o)
Ix = Simplify[Ic / In9)

{or ™R (T T

Voutnn'[t] # {Cn/ Itun} = Ix

[e- Tl (TR _ L))

DSolve[V'[t] % {Cn/ Itun} = {e \\ \ i ; )}, vit], t]

— —= .%4%%““
E P, (o 1 ) o
{{v(t] »nN Ut Log[- ///‘ )

Exp[Voutnn / {(nNs Ut} ] = Simp]

C[1] + Itun [(e Wk - ¢ W&
Cn nf Ut

AONUUINYUINNS )
ANRINITNINENAY



Integratorpn.nb
Idn([t] = Isn+Exp[{Vg[t] - Vton} / {(n¥N« Ut} ] «Exp[-Vs[t] /UL]
{e%;:mﬂ"ﬂ#]' ]_gn].

Idp[t] = -Isp+Exp[{-Vg[t] + Vdd - Vtop} / {(nP« Ut} ] «+Exp[{Vs[t] - Vdd]} /Ut]
{-QW‘W Isp}

Vg = Vinp
Ving

Vs = Vx

[e_nl\'f?‘M . B Isn}
Vg = Vinn
Vinn

InS = Idn[t]
{e%mrm-rg Isn}
Vg = Voutpn
Voutpn

Ing = Idn[t] Al
{&wm“lﬁﬂ' Isn]-

AONUUINYUINNS )
ANRINITNINENAY
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Ic = Simplify[In7 - Ing)
{e‘uﬂlﬂ?ﬂ {—e%#i +e£ﬂ§l‘} Isn}

Ix = Simplify[Ic/ In9]

[e "L (~e"Wh" 4 e W)}
Voutpn'[t] * {Cn/ Itun} = Ix
[ ™5 (_eSFt 4 e ) )

\

DSelve[Vv' [£] + (Ch/ Ttun) = {e M (-s "va'/ v
— ._ q-%"-% it

-C[1 WY S a I o v NS wo: At

{{v{t] - nN Ut Log[-

I

Exp[Voutpn / {nN+Ut}] =

1
sy~ e |°C

C[1) - Ttun [ (e™8%" - o "H) 4
CnnN Ut

AONUUINYUINNS )
ANRINITNINENAY
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Integratorpp.nb

Idn[t] = Isn+Exp[{Vg[t] - Vton} / {(nN# Ut} ] «Exp[-Vs[t] /Ut]
{e%‘iﬂﬂ' Ign}

Idp[t] = -Isp#Exp[{-Vg[t] + Vdd - Vtop} / (nP+Ut}] »Exp[{Vs[t] - Vdd)} /Ut]
{-e%ﬁhﬂﬁwﬁ"u Isp}

"g' = 1?:i.np
Vinp

Ip9 = Idp[t]
[- ottt pte
Vg =Vinn
Vinn
Ipl0 = Idp([t] 77
e e ) /.‘/J
=T T .7 (o
Vg = Voutpp

- -~

Voutpp y_

Ipll = Idp[t] Y
{ Q_W":L _E_u' Isp

E\Tﬂ']UlL’JV]‘c’J‘Uﬁﬂ'ﬁ
"@]‘Wﬁﬂﬂ NIUUARINLIRE
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Ic = Simplify[Ipl0 - Ip9]
(or Mmremm ol (| ML) pop)
Ix = Simplify[Ic/ Ipll)

{‘-M%M {-EL:-"-EL * c'—".r'di""] ].

Voutpp ' [t] + {Cp/ Itun} = Ix
{9'“_'!5"1 Fwnltl {—e% +g"%'*‘"']}

DSolve[V' [t] » {Cp/ Itun) = {e™¥ (- _ .

,.\- 2|
SCT1] + Ttunif g taale) - vielel
[ I = y \
{{vit] » -nP Ut Log[ .

7

-C[1] +1I il .. -,h:.
l aad N\

Misplr)

-C[1]+1tun“-g- «
CpnP Ut

AONUUINYUINNS )
ANRINITNINENAY



Integratornp.nb

Idn[t] = Isn*Exp[{Vg[t] - Vton]} / {(nN+ Ut} ] *Exp[-Vs[t] /Ut]
{e#ﬂm“rﬁ Isn}

Idp(t] = -Isp+Exp[{-Vg[t] + Vdd - Vtop} / (nP+Ut}] «Exp[{Vs[t] - Vdd} /Ut]
{—&W&L.#‘ﬂ- Isp]-

Vg =Vinn
Vinn

Vs = Vx
V=

Ip9 = Idp[t]
{_em..%uum o MSSIe] Is

Vi ————————————————————————————————)
cutnp | \_,‘
Ipll = Idp[t] | ;H
! 4

Vald- Vauk
{-e

AONUUINYUINNS )
ANRINITNINENAY
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Ic = Simplify[Ipl0 - Ip9]
{e.w&ﬂlﬂ {“eﬁﬂL +e!§*‘ﬂ.} Isp}

Ix = Simplify[Ie/ Ipll]
{'_HIE]%[E'“_'“IEL {"\%IE]_ _'%]_}}

Voutnp ' [t] * {Cp / Itun} = Ix
{‘.W [‘IEEJ. -iw}}

DSolve[V ' [t] « {Cp/Itun) = {eww (e wir

[{vit]) = -nPUL

C[1] - Itun [(-e "WR" + 5%
Cp nF Ut

AONUUINYUINNS )
ANRINITNINENAY
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Integrator.nb

Vton

Voutnn[t]
Ioutp = {—e Ut | 4 @ maut % Isn +
Voutpn[t] Vton Voutnp[t] Vdd-Vtop Voutpp[t] Vdd-Vtop
@ niUt % @ nHUL % ISTI+ @ neUt k@ nPUt % ISp-@ TnPUt % @ D1PUT % Isp}
Vton | Voutnn[t] Vton  Voutpn[t] wdd-Vtop  Voutnp [t] vdd-vtop  Voutpp[t]
+ T=sn + @ =mpoE ~ mPut Isp-@e meoe  neme Isp}

ol 0t

{7e’ ORI ol Ut Isn + e =mnoc
_ ¥inn[t] _ ¥inp[t]
C[1] —Itunj(—e WUE + @ neun )dlt
Exp[-Voutnp / {np*Ut}] =
Pl p / {np } b UE
cli] - Itunj(—e’vtmf] + e SFIE) dt
CpnPb Ut
Vinn[t] Winp[t]
C 14 —Itunj(e THUE  — @ aHUt )dlt
Exp[Voutpn / {nNxUt}] =
CnnN Ut
inn[t] inp[t]
Cl[1l] - Z[tunlf(evmwct — el ) At
Cn nN Ut
_ Vinn[t] _ Vinp[t]
-C[1].+ ItunJ-(—e nPUE  + @ P Ut )d]t
Exp[-Voutpp / {np % Ut =
P pp / {np H CoRB UL
inn [£] inp [£]
Cl1] - Itunj(—e'vnw: + e ol ) d+
CpnbP Ut
Yinn[t] Vinp[t]
C[1] +Itunj(e nHUE - @ mmut )dlt
Exp[Voutnn/ {nN%Ut}] =
CnnN Ut
cl1] + Itunj(e% “eTaEb) At
Cn nN Ut
Vinn[t] Winp[t]
C[1] + ItunJ-(e nHUL  — @ nHUE )dlt Vion
Toutp = {— % e e % Isn+
CnnnN Ut
vinn[t] vinp[t] _ ¥inn[t] _ ¥Winp[t]
Cl[1] —ItL:InJ(e THUT - @ mHUC )dlt Yton C[1] —Itmij(—e TEUT 4+ @ TR UT )dlt
%@ mue % Isn+ *
CnnN Ut CpnP Ut
_ winn[t] _ winp[t]
—C[l] + Itunj(—e nPUt + @ @ nPUL ) dt vdd-vtop
*#@ nPut % Isp}

Vdd-Vtop

§ T xR CpnP Ut
P I




Viton

e ante Isn (C[l] - Itunj(e

Vinn[t]

Vinp[t]

nll Ut

— @ onut )d]t)

{

Viton

e wte Isn (C[l] + Itunj(e

Cn nN Ut

Vinn[t]

Vinp[t]

nl

Ut — @ =nHUt )d]t)

vdd-vVEop

@~ nP Ut

Cn nN Ut

Isp (C[l] - Itunj(—

_ Winn[t]

_ Winp[t]
nk Ut

nf Ut 4+ @

+

) dt)

vdd-vVEop

e me  IsSp (—C[l]

Cpnb Ut

+Itunj(—

_ Winn[t]
nf Ut

_ ¥inp[t]
nf Ut

+ &

) dt)

e~ =W Isn Itun { _[{--

CpnP Ut

Jirglt]

-l:n @ nEu =

1%1‘:.%“"] dt)

Ioutp = {

eTHWE Isp Itun | I(e'%‘-ly’ -8 "%

Cnnl Uk
Wimplt

N LR

Cp nP Ut

'I'I.nL L3

- Mus
e mmw Isn Itun I-.ca‘: ol

+ 2@ }dL

Mizp |t

e wn 1a spltun [(2 e

inn|t
:I‘Ut

J

2e

Winp|e] .
nfF Dt

) dt

[
1 Cn nkdie

Wilnn| &
mHl Uk

o IF

+ @ e

Iin[t] = {— ({-=

Vran
nE by

'T!mn r

¢ Fgmin
A UL

L]
I"E

Il I
[N \=*

B =

Ioutp = {Itun/ {CnUt}) {.‘%

Iﬂnut

CIE

e Isp { J{e

I =
L Cnut

X

:'Itun e e I~=!|'|J I

Yizn |t

}e
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nr UL AF e

Xinpltl v
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¥isa[v]

SpnP Ut

L

e - 18

Winp[t
4 @ mHWL

Winn| v
=@ mHUL

~e ') at)}

I:pjg.a & ST -

Ioutp = Integrate[ {4« Itun+Exp[Vgain /Ut] /{CnUt}} » Iin[t], t]
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Abseract — This paper presenis a mew low—velrage and low-
power amplifier based on the class-AB differential log-companding
technigne. The circuit has been designed using a 0.23 pon CMOS
proacess. The proposed amplifier consumes less dhan 3.2 gW from
8.6 V supply veltage at the maximum inpur cugrent, The CMRR of
this circuit is 3376 dB; thus, it has very high perfermance in
eliminaitng the common mede signal. The presented rechnigue con
be applied ro many applications, sweh as filter, reference volinge,
rectifier, efc.

I INTRODUCTION

The main pwposes in developing a better amplifier for
hearing aid chips are shrinking its area, reducing power
comsumption and improving neise rejection. A previous
hearing-aid amplifier [1] was designed based oo the log-
companding technique using CMOS technology [1], allowing
its operaticn at 1 V. This design utilizes a class-A amplifier
which consumes large amount of power at zero mput. A class-
AB integrator [2], which is also based on the log-companding
techmique. is proposed to reduce the power consumption. This
cucuit generates positive and negative voltages from a single
input. and then passes them through a non-linear processing.
The results are used to generate a single-endad output. Since
the input and the output are both single-ended, this circuit is
differential only in the non-linear processing section. In this
worke a truly differential class-AB amplifier 15 developed by
exploiting complementary NMOS and PMOS transistors. The
quiescent current flowing thwough PMOS 13 reused i NMOS,
ths this amplifier can consume lower power. Because of the
class-AB operation, the proposed amplifier can handle larger
input compared to the amplifier in [1]. Moreover. the
differential structure improves common mode signal rejection.
The proposed technigque is suitable for portable application
where the power is limited and the supply voltage is as low as
06V,

II. DEesicy PRINCIPLES

A Log-Companding Technigue

The signal in the cwrent form (I-domain) 15 compressed
into the voltage form (V-domain) by a compresser. Then, the
compressed signal Vi, is processed by a non-linear function.
Finally, the processed signal Vi, is expanded back to the I-
domain by an expander. From the I-domain powmt-of-view, the
overall process 15 a linear function. The block diagram of tlus
techmgue is shown i Fig. 1. The compression i this
techmique helps lowering the supply voltage required for the

non-linear processing section. The log-companding technigque
can be used with many types of transistors, such as BJT and
CMOS. To use 2 CMOS transistor in a log-companding
circuit, the transistor mmst be operated i the subthseshold
fegion that gives exactly the logarithmic compression and
exponential expansion.
8. MOS chovacterisfics in the subthreshold vegion

MOS  fransistors can  opetate in 3 main  regions
corresponding to the voltage between gate and sowrce of the
mransistor (V) comparing with the threshold voltage (Vo). If
Vo == Voo this region iz called WWeak Imversion (or
Subthreshold). On the other hand, 1f V; =% Vg thus region is
called Spong Inversion which further categorized into
satwration region and triode region. Elsewhere, the region that
Vg 15 close fo Vo is called Moderate Inversion. MOS that
operates in the subtlweshold region has  logarithmic
charactenstic. Equation of NMOS that operates n the
subthreshold regicn it EKV model [3] 15 shown in eg. (1)

[ ¥, i ||
Il | | L_]HP{L_ll e

'T",s'.-s. o P =V and I,= 2,;.)3[;":
n
Whereas Ig, is the specific current, /3, iz the curent
multiplier, n, is the subthreshold slope, U, is the thermal

potential and Vg, 15 the threshold wvoltage. The x in the
subscript can be N or P denoting parameters of NMOS and
PMOS respectively or omitted in case of generic parameters
that shaze berween NMOS and PMOS

For PMOS. the equation is shovwn ineq (2.

‘irD.F = IS.‘ ex‘pl lifw} -E!I—|
F I

E“P Lr
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Fiz. 1. Log-companding signzl processing



For a CMOS model used in this work, we used BSIM3 level
49 [5] which gives Vigy of appromimately 0.5V and PMOS"s
WVrop of approximately 0.6V

ITI. ProposED CIRCUIT AND ANALYSEIS

The proposed class-AB differential amplifier based on log-
companding  techmque consists of the compresser to
loganthoically compress the input currents into voltages and
the expander to convert these voltages exponentially back into
the output currents. The amplifier’s gain can be controlled by
adjusting Veg of WNMOS and PMOS in the compressor.

A, Compressor

The compressor cirenit is shown in Fig. 2(a). It s sufficient
to consider only half of the cirenit because of the symmetry. If
parameters n, Is, Vo) and [Vig| between NMOS and PMOS
are equal, I can be separated into Iy and L.; as shown in eq.
(3).

I.; =I,+I,
v, 1 7
= f 3
I =1y ExP'_n_r[F»'_,_'_IB ex.p|i:£—i| (3)
Where Iy =1I,exp R L ]
: 1 nll,

Rearranging the above equation, Vi, can be expressed in
term of I, as shown in eq.(4)
o TT pivta! ‘rly i
¥, =nU, sinh [21,“] 4
In general, n, Is, [Vro| and [Vss| of NIMOS and PMOS may
not be identical. Difference in coefficient and exponent of I
and I, yields implicit fonction of Vi thus. it is difficult to
wiite Vi m term of Iy (Vi = fiklin). k is arbitrary constant)
directly. However, we can still expand Vy; and V. using both
NMOS expander and PMOS expander. This can be shown
straightforward that even in the case of vnmatched NMOS and
PMOS parameters, the proposed expander still operate
cotrectly.
B.  Expander
The basic expander is shown in Fig. 2(b). This circuit
expands Vg and Vi exponentially into 1; and I, respectively.
The equation of the basic expander 15 shown in eq. (3) and (6).

¥, ] .3
Iq,:]_\.exp[ 'E '+Ipexp[ =3 (3)

—4
iyl |

=
U |

¥
?Hﬂ' (a)

Fiz. 2. {a)The proposed clazsz-AE compressor (&) The basic expander
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1. =—I,exp| n_I.EI;: |= 1y exp[ nil‘f:_ :| (6)
e N

Where I,=1, exp|:_l'-'raw :| and I,=-I_ exp[M]
’ n, U, ’ n L
The basic expander’s equation can be rewnften as I =
gfVyp) whereas gix) i1s the inverse function of fjx). When we
combine the compressor in Fig. 2(a) and the basic expander in
Fiz. 2(b) together to make a basic class-AB amplifier, the
amplifier’s transfer function 1s 1, = g (f (k*Ih/= kL. The
transfer function is obtained by substimuting Vi, in eq. (3) with
the term in 2. (4). In general case, the transfer fonction 1s still
valid even Vi is an implicit function of Iy (the proof is
beyend the scope of this paper). Choosing Vi, = Vg = Vi
simiplifies the transfer finction of the amplifier which is
shown in eq. (7).

Il i Rt
I”P _I'“’ =exp I;"‘:" | (_I‘:l
I -1I, LU

From the equation, the gain of this amplifier can be varied
by changing the value V. Although the basic expander
exhibits 2 good performance in cancelling the effect of L. Ip.
my and np, this cireuit cannot eliminate the common mode
nowse from the mput. To solve this problem, we need to
construct a true differential expander.

C Amplifier

Based on the basic idea in [6], the proposed differential
expander is shown in Fig. 3. This circuit proposes better
commeon mode noise rejection.

The circust expands Vi, and Vy exponentially ito
differential output currents. Vi, s expanded exponentially by
N3 N4 P3 and P4, winle expanding Vi 15 done by N3, N6
P35 and P6. A cwrent expanded from Vip by N6 is copied to
subtract with a current expanded from Vi by N4 to

Iﬂ.l!_-?_'

(I
Fig. 3. Proposed (a) NMOS expander (b) PAMOS expander



generate Io;;. The same is true for an expanded current from
P6 and P4 subtracting each other to generate L. Finally. L
and I, are combmed to generate [,. An equation of I 1s
shown m eq. (8). I, 1s generated in the same way with an
equation shown in eq. (9).

I,=1y [:exp [I@F /[ nU, }] - t?)(p[ZVr-ﬁ [T, ]])
+1p(exp[ 7, [(npU; )] - exp[ 7, [(n0,) ])
Im i I.’t’ (E“xp[V’i /{ n‘\'{"rl }] —EXp I:Kp /1 n,\"U-‘ ]:I’

+Ip (exp[ 7, [(nU; ) |- exp[ T, (517 )])

When [ increases positively, according to the operation of
the compressor, it increases Vy, and decreases V.. Then. the
expander gives an increased [, and a decreased L, creating
differential output currents. In common mode operation. a
matched change i Vy, and Vi, makes no change to L, and I,
because changed i expanded currents are cancelled internally.
Therefore, this expander can reject conumon mode input.

To construct the amplifier based on the diagram shown in
Fig. 1. we combine the class-AB compressor and the
differential expander together. The proposed amplifier s gain
can be controlled by adjusting V., in the compressor. Based
on the calculation, the gain of this amplifier 15 2 tumes larger
than mn eq. (7) because of the differemtial operation. This
technique not only reduces the required supply voltage of the
compressor but also decreases the number of CMOS used in
the class-AB compressor from ref [2] Moreover, the
differential expander exhibits better common mode rejection
capability.

®

©

IV. SIMULATION RESULTS

To prove that the proposed compressor can compress the
signal logarithmically. the current Iy = -Iy are fed into the
circuit and the output Vy; and V,, are plotted. From Fig. 4 and
Fig. 3, the V; and V,, are plotting with I, i linear and
logarithmic scale respectively. Notice that Vip and Vi make
straight line m the loganthmic scale. Moreover, the proposed
expander can also expand Vi and Vi, exponentially. Fiz. 6
and Fig. 7 show the variation of I; and |I;| with respect to Vi,
in lmear and logarithmic scale of the output current
respectively. Also remarked that logarithmic values of I, and
[Low| are proportional to V.
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Fig. 4 Variation of Vip and Viz respect to I; in linear scale
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The proposed amplifier should have a transfer function 2
times larger than in eq. (7). The simwulated result in Fig. 8
shows that the amplifier 15 operating as expected, except for a
minute offset current in I, and I, which will be cancelled
automatically by the differential output scheme.

Parameters of MOS used i the proposed amplifier are
shown in TABLE [. We can see that the circuit draws very
low cusrent at DC state from TABLE II. There are offset
currents m I, and [, due to bias currents which affect the
lmeanty of the amplifier’s gam. This makes the result slightly
differ from what we expected. Nevertheless, the proposed
circuit has differential output that can finally elinunate the
offset value i the output current. As mentioned in the
previous section, the gain of this amplifier 1s affected by the
value of V_.,,. The gain of amplifier respect to V. 15 shown

mFig 9.

TABLE I PAR AMETERS OF TRANSISTORS USED IN THE PROPOSED CIRCUIT

Name P1-Po N1-Ng P7-P1O NT-N10

WL () 303 3/0.3 30/03 3003
()
a.d
fan
5.0 -
] -

20 3
1.8 o
—48 =
7Py gm i L] BT

1 240
Wip (v}
Fig 6 Variation of I, and I, in linear scale respect to Vi
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Fig 7. Variation of Ly and [Le| in loganithmic scale respect to Vy
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The linearnty of the proposed circuit 15 defined by THD
(Total Harmonic Distortion). From the simmlation result
shown i Fig. 10, THD of the proposed circuit is 0.55% and
CMRR 15 35.76 dB from 11A sinusoidal mput. The frequency
range of the circuit 1s up to 200 kHz which 1s satisfactory for
audio application. The small signal gain from frequency
analysis shown i Fig. 11 1s approximately 2.02. Because of
the differential structure, this circwt has wvery high
performance in  eliminating the common mode input
Moreover, the power consumption of the circuit is 291nW
while the circuit operates in quiescent state. At the maximum
input state the circuit consumes 3.16 YW from 0.6 V supply

voltage. The summary of the proposed amplifier’s
performance 1s shown in TABLE IIL
TABLE @I QUIESCENT VALUE OETHE CIRCUIT
Nome | [d(a8) | [VeslmV)| Name | [Lffnd) | [Vies/(m')
P1-P2 2594 3276 NI1NZ 2594 2724
P3Ps 2850 3276 N3iNG 3182 2724
P4P5 2979 3276 N4NS5 2037 2724
Gain{ B |
58
5 L e
1@ - aal
—18 s '
30 :
— o5 —125 ] 125 258
Vgain (mV)

Fig. 9. Gain Variation of the proposed amplifier respect to Vo
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Fig. 10. THD analysis of the proposed amplifier
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Fig. 11. Frequency Response of the proposed amplifier

TABLE I SUMMARY OF THE FROPOSED CIRCUIT'S PERFORMANCE

Name Value Condition
Voltage Supply 06V -
Gain 40tz 384B -
Input Range 1ol A -
MR | oo, :
%THD 055 % Maximum Input
CMRE. 35.76 dB Maximum Input

V. CONCLUSION AND FUTURE WORK

Log-companding technique can reduce circuit’s supply
voltage value. Moreover, class-AB and differential technique
are used to decrease total power consumption and elinunate
common mode noise. In this work, the circuit 1s operated well
with 0.6 V supply voltage. The total power consumption is
3.16422 uW. The amplifier gain can be varied from -40 dB to
38 dB. the THD of the circuit 1s 0.55%. and the CMRR of the
proposed amplifier 18 3576 dB. These techniques can be used
in many others applications. The future work 1s to design a
log-companding filter based on these techniques.
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