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We propose an architecture which can sense the output signal from the
Wheatstone Bridge. The system is composed of a Pre-Amplifier,
Calibration Circuit, Driving Source Generator, and a Voltage-to-Code
converter. This architecture calibrates the offsets and mismatches by
incorporating the proposed Voltage-to-Code Converter (V-C
Converter). The converted output digital codes are then ready for
subsequent wireless transmission.
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Abstract

Recently, with the development of semiconductor technologies, small areas and high
performance digital circuits are wildly used. Although digital circuits may implement many
complex algorithms, it is hard to deal with nature signals. Thus, we must depend on analog circuit
as readout circuits in most sensor applications. However, analog circuits face with many
non-idealities, and these non-ideal effects will impact the overall system performance. Therefore,

this has motivated us to develop circuit techniques to address these issues.

In this project, we focus on the design of the analog signal processor (ASP) for sensor
interface applications. The ASP mainly consists of a Pre-amplifier and a Voltage-to-Code
converter. Both will be described in details in this report. The pre-amplifier employs the flicker
noise and offset reduction techniques (chopper and auto-zeroing methods), while the
Voltage-to-Code converter converts the input signal to output digital codes directly. Meanwhile,
calibration mechanism is proposed to compensate for the process, voltage, and temperature (PVT)

variations.

In the following sections, we will present detail information on Pre-amplifier and

Voltage-to-Code Converter.
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325 FFg A%

pt 334 2 Pre-Amplifier #73 * ch CMOTA 5 A3 3227 =% > ¢ 2 LT F 4
%+ IEEE Transactions on Transactions and Systems II: Express Briefs #f 7|[3]12 2 VLSI
Design/CAD Symposium # 3¢ ¢ [8] °

32,6 Az PR %

%30 BERSBGFHESL P HFE S

Process TSMC 0.18-um CMOS
Supply Voltage 1V
Pre-Amplifier
Power Consumption <200 uW
3-dB Bandwidth 20 Hz
Gain Range 80~100 dB
DC Offset <10 uVv
Input Referred Noise @ DC <25nV/,/ Hz
CMRR @ DC 120 dB
Unity-gain Bandwidth 0.2~2 MHz
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3.3 Voltage-to-Code Converter X 3+

5 RBA AR R RE e F 4 “{%4&%4&% 7 LA L L - B PC 47+ (PCB)

b o A ALRH - chip 2 p & &5 B chips 2 > ¥% ¢ & T8 clock mFﬁﬂﬁﬂfféﬁH 3 0 12

#iz™ o kA k4x € & > PLL §v DLL,j*zkﬁ%zy M2 s fE F&gﬁff“}«ﬁjﬁ TP AR S

FLeaRBBT P o b4t PFE% A 4 B (Clock Generator) ~ #f 5 & = Eg(Frequency

Synthesizer) s PR L 2 (Clock De-skewing)fep# #% 3 4L w 44 (Clock Data Recovery)ﬁiﬁ o gt
EN "Lr:bx: * Voltage-to-Code Converter =1%E ﬁé{'l PLL rﬂ%”u,u AR EFRT o

TEE TP AR S B e S (ST Y R i i3 5L Code v 1B B 5P

rF LA BPRFIE - FAeom B BETRREFT @ 15'%] » PR PR R R S B

# 5 Code fij it > = A LB p A7 % IS RNURACIEE . EEY N D ER Y
I‘*’jlg R A F P VAL & AT R P WA T BRE R (PVT variation) ¥
A I R el 0 TR § R RS AR AT -

Aty - B PR A PifiEar k2 ki 2 Voltage-to-Code Converter 7735 25 3 5% o 4+
$% - B P A% 745 PLL Ao DLL a4 » %2 (748 ff 4]k 3 » 4o B 3.10(a) "7 7

332 TEPEL WP

TEE (T XA BREE > A BRI TFE (40 3.10(b) 2 2 £ i ’bﬁi(&rf%l 3.10(c)) > =
BrEfHh g d hIRE s TR B PR E T N F\ 2% 7 i, Phase Detector i¥ )
B drd) Code s § % =t 42 18 » #7{8 & Code frd o B3+ BiE » gt 41T R (Vin)
H_= — ¥t - 9# % (monotonic relationship) e
gﬁ;% ;\: L

B PR m Bt BiE o g BRAY A # 7 sensor signal erEE v 4] TR (Vin) 0
J k5 AT @5 - ¥k Code B RIFEE B A B r A 4 TR AL
¢ & 7 sensorsignal 4T B (Vi) FHR AR ELFF- > 7 L {FF|F740- 2 Codey» ¥
& #1252 Code 4p 5 (=Coder-Codey) » #7i% F ”"TL,T* . §_sensor signal + /| (=Vip-Vin1) ©

=
gy

Vin
CK l
@0 Delay Code
Element g
T— Calibration

B 3.10(a) Voltage-Code Converter # 3% T 5% 4 B
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Calibration stage

Measurement stage
CK, l ! CKo I :
E—— | —

CK, ! | CK, ; |
(without sensor sngnal).._ (with sensor sighal jim—
—>

l<_
1 ]
ACK — Codel ACK' — Code2
Bl 3.10(b) % B ff i B BOE (RS Bl 3.10(c) T u: B RIFFEE (FH

3.3.3 iin T B iE (PP

Voltage-to-Code Converter £, ¥2¢ f?%{rﬁl 3.1 #977 o FwE (T2 N2 40T

Calibration
P
ck
1Vin
CK = CK Comp
§ — > Ouput
CK
@ | > AN Lock>

Output = Digital Code

B 3.11 % fﬁ£%§l§]*r
5 (CKo) P i ~ 5 BRAE D cig B A 5 W ﬂﬁﬂﬁaﬂﬁﬁﬁ%ﬂﬁﬁww’ﬁ
* §_= % Voltage-to-Code Converter 73 sensor signal » ¢ i % b & J& fT ezt & ~ i 1% 5 550t
FA R (Vin) > @ia‘""ﬂ*'l oo B S e A R ‘z"’a‘%*" W BT k30 SAR %Es’@ Phase
detector iR P TR ESp A FE 0 T R s3] Code o 2 R P TR T g A
it 49 aligned > % PD lé B3] CK1 fr CK2 #_4p 4 .2 15 > t“ ¥ SAR %J 4 mCode ) )’jﬁili %
G g v AR 5L (Vin) =< 7] o

Calibration
>
@:: )
CK 1 Comp
° Ty > Codel Quputl
Lock I
ocC

Output = Digital Code

B 3.12 Voltage-to-Code Converter 34, {7 & & Bl
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LAY FAR end (T E T A X o F - A AP Ao B 312 Ao Lt PEE O~ endr ]

% B(Vin)¥ A ¢ 7 sensor signal » #* £ B(Vin)¥ 5 % 217 5 reference 7 3 13 B > #7120 s

e R FFE > TRV H B itonud Bt 2 4 et B g > 2 BuBgs 3
AR

FE N1 5;%;(—\3?\ Y—mﬁ_)‘_f,/{;_ﬁi@ml,m offsets ﬁ_#ﬁl:ﬁéﬁfﬁ’\ﬁf&i—rﬁﬁféﬁ;m
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1 Comp
Ouput2
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B 3.13 Voltage-to-Code Converter 24 7 € | Bl 7+

prpEE O e d T B (Vi) # 7 7 sensor signal > b
+ sensor =+ /] eR R ATk Kt B ORIFE
Bk g # 7 sensor signal

2 s an koWl 303 5
TRVin)¥ 7 = 5’—\"‘1 2_w reference 5 AR 4e
=R @(sz)#"fﬂ BBt g 4 R B o i
AP BERAFTIE s A B oo BT aE R A P offSets 0 g AP A T o 0T
BEAZEAP g AP IR o ST iz gy Codey 5% ) @ 2§ sensor signal 142 ¥ offsets 5 %
¥ ¥ 3% & register 9 Code; fri* ¥ SAR # # ¢ Code, ¥ » iz BAp i » #7118 Code %
(=Codey-Code|)¥ 4 ¢ = & & 4= offsets i 414 7 sensor signal + /| -

334 wE it
RAPI PR OLRERGHR TR > RER DG - o d PERT EH
Tkt SR R AR B AR ¢ R RE RIS ] o i A
w3 > f jd Phase detector f ip|d » = L 22y I )2 FAR = A BB > f5d SAR ¥ i i

x@ﬂ'fj‘ﬁ%ﬁshngicode’a%%?ﬁ%]* v intk- ko i}b? ujpﬁd ## P~ code 1B W#gnj#ﬁ%m#’

@ FrdlE Bl & ] X i w 3R sensor signal % | 0 g3t - 32 d 5 A F P Code £

IET R
LR R T g P

(=Code,-Code)) » AXARITIZ 18 P& ¥ M T2 € A%4F > 2 fg

HEEG R T 0 0T S 3 TR e delay B 0 40(3) -

V-V,
1 I —_ control
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TR AR 3.14 1or o

V -1 Converter —>

(a) $7 il &

]

1 1
1 1
l L = |
Tl IR
1 1
—_— |: ;l
(b) % B~ 43 T B ]
Bl 3.14 £ N HR BRIAIF A TR
= 4t
3.3.5 *%ibﬁﬁ,.tﬁ 5
Hge i % Pl4cB) 3.15 #11 o
Current (UA) Delay (ns)
-80-“ e 1 A
-100
T=80°C - 10 T=80 °C
120 : vDD =1V,
’ 9 tt, T=0~80 °C
-140
8
-160 =0 C ] " T=0C
-180| . Vi, EV) Vin (V)
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33.6 P iE Az p A%

% 3.2 Voltage-to-Code Converter ¢ #f if = 2_ p {27 & &

Process TSMC 0.18-um CMOS
Supply Voltage 1V
\oltage-to-Code Converter
Power Consumption <2mW
Output Frequency 10 MHz
DC Offset <0.5mV
Delay Element Delay Range 4 ns
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34 Ak pREFT AR

1.

* 3+ 3 ¢ Pre-Amplifier £_17 CMOTA (Current-Mirror Operational Trans-conductance

Amphﬁer) PG AHEFR oY o &2 %H’J}(’E‘_’H ot ER PR L R

pt+ 3t F 2 Pre-Amplifier § & —F MT R/ LT B B E - VL TR TS

Feosidpnltz Ti’llﬁ Foo gt o AR EBREHKIT AR - BAT

7 CMOTA 2t ﬁé Be kit w s ® e & 43 [EEE Transactions on Circuits

and Systems II: Express Briefs [J1] (#7134 =) > 12 2 VLSI Design/CAD Symposium [C1]

(B3 6 )

[J1] T.-H. Lin, C.-K. Wu, and M.-C. Tsai, “A 0.8-V 0.25mW Current-Mirror OTA with
160-MHz GBW in 0.18-um CMOS,” IEEE Transactions on Transactions and Systems
I1: Express Briefs, vol. 54, pp.131-135, Feb, 2007. (SCI)

[C1] C.-K. Wu, M.-C. Tsai, and T.-H. Lin, “A 0.8-V 0.25-mW Current-Mirror OTA with
160-MHz GBW in 0.18-um CMOS,” VLSI Design/CAD Symposium, pp. 545-548,
Aug. 2006.

# 33 CMOTA z. R4t 4 &2 7 chfR &

Process TSMC 0.18-um CMOS ‘| Die photograph

Design Parameters K=0.85;N=3

Supply Voltage 0.8V

Power Consumption | 265 pW (CMFB included)

Unit-Gain Frequency | 161 MHz

DC Gain 62 dB

Phase Margin 66 degrees

Output Swing 0.55 Vpp (single end)
Slew Rate 20 V/us

Core Area 0.12 mm % 0.14 mm

APLIR L0 B Y0 F Ik R TR e g BADC) »
4{# 5 = & # » 3 % B (Delta-Sigma Modulator) > 5 7 3| 7 F 2 T8 £ A ipig-
# 448§ pF A (Continuous-time) ing B F > VB 7T T c B 50 URTRF
MEARITA S 2 A T ey 0 Ak A 4 » 1 DEM (Dynamic Element
Matching)e j% « A PP IRT - BZFFenz A A DR R LA K E A 100-kHz o9
TN EF 77dB iz 5L (SNR) » 4 - B2 § & % @ % £ 3% VLSI Design/CAD
Symposium [C2] (731 € # <) » I ¥ a3 4 > International Journal of Electrical
Engineering [J2] (#F 713 < , EI) ©
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[J2] M.-C. Tsai and T.-H. Lin, “Design of a Continuous-Time 3".Order Delta-Sigma
Modulator with Incremental Data Weighted Averaging,” accepted to International
Journal of Electrical Engineering. (EI)

[C2] M.-C. Tsai and T.-H. Lin, “A 3rd-Order Multi-bit Continuous-Time Sigma-Delta
Modulator with Incremental Data Weighted Averaging,” VLSI Design/CAD
Symposium, pp. 353-356, Aug. 2006.

4. 3.4 3"-order Continuous-Time Delta-Sigma Modulator 2. L#& % 22 &y ¥ e 7

Ref. [13] This Work
Technology 0.25-um CMOS 0.18-um CMOS
Power Supply 25V 1.8V
Modulator 3-order 1-bit 3-order 4-bit
Sampling Freq. 104 MHz 24 MHz
Signal Bandwidth 200 kHz 100 kHz
OSR 192 120
SNR 76 dB > 80 dB (simulated) 77 dB (measured)
Total Power 11.5 mW 4.06 mW (simulated) | 4.50 mW (measured)
OP Amp 221 mW 2.21 mW
DAC + Quantizer 0.74 mW 0.76 mW
IDWA 0.25 mW 0.43 mW
Other circuits 0.86 mW 1.10 mW

(Chip area: 0.99 mm x 1 43 mm)

B RS 5 BRE 2 ¢ RUEE AR S
Voltage-to-Code Converter i #-7 B 7 3 E g = 5 3:11%] o pt— 7 v e
AT Ha o BEY e BRI BT TR AR z)’@mﬁ.‘_ ﬂ PEA #7 B8 ADC
BAF O KR b oo A E IR é’*?"ﬂ‘ - AR FEI(HIEHE LT

i+ ¥ s c91 Voltage-to-Code Converter) © #* — Voltage-to- Code Converter Fg3+3= i 2 p
R T L g gt T18-96E(F)1‘§”k(’£ YRR P
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