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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 code is then ready for
subsequent wireless transmission.
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Abstract

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

performance, so it is important to develop circuit techniques to address these effects.

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 Gm*R
Amplifier and DC Offset Chopping mechanism, 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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2.2.3 DC Offset Cancellation Feedback Loop
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2.2.6 Simulation Results
A. Current feedback IA with DC offset cancellation loop

7o Gain frequency response :
4o 2.7(a) » %5 chopper 23 % {8 » i » dc* BRJL i HAF R H 2+« B F % 57dB -
AR Bt T 3dB #E 5 4 W] 5 200Hz ¥ 35kHz -
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z Input referred noise voltage density :
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®l 2.7(b) Input referred noise voltage density
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1.) Gain frequency response :
4o 2.7(c) » LPF (1 3dB#f % 5 0.04 Hz -
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2.) Input referred noise voltage density :
4o §] 2.7(b) > thermal noise voltage density % 38 n V/sqrt(Hz); M4 % £ (1m~2k) 7 input
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3 “ eSS
¥ el
i i
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B. Transient response of nested chopping IA

4@ 2.7(e) » ﬁs?] » 2 5.-8_DC 100 uV > nested chopper 7% ‘& chopping frequency 4 %] &_
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Vin = 100uV (DC)

T f'Chop L

. W-”M‘.ﬂﬂ.ﬂﬂﬂﬂﬂﬂ,ﬂﬂ nmﬂﬂnﬂ | T e e T T
SRR 1 R A
S e o

| A
f | K !
b }IIII!I!IHIIHIII I II] - “‘][ M

o Vout =70 mV (DC)
R s
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3@m 49m 5@m (S)

16m T 28m

] 2.7(e) Transient response of nested chopping IA

# 2.1 Pre-Amplifier Performance Table

Feature Performance
Input signal frequency (SPEC) 0~10Hz
Input signal CM (SPEC) 100mV
Input signal range (SPEC) 10uV ~ 600uV
Output signal range (SPEC) 10mV ~ 100mV
Power supply 1V
Power 50 uW
Input signal range 10uV ~ 600uV
Current feedback IA open loop gain 57 dB
Chopping CLK (High) 2 kHz
Chopping CLK (Low) 20 Hz
Offset voltage cancellation +50 mV
PSRR 140 dB
CMRR 98 dB
Input referred noise density 50n V/sqrt(Hz)
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CK,q I ! CKo I :
CK2 I CK2 !
(without sensor S|gnal)..— I_ (with sensor signal)ql— |_
—>

—> l—
ACK — Codel ACK’ — Code2
Fl 2.8(b) T Bt el FAEE (THES Bl 2.8(c) e R RIFF £ E RS

232 TRPEA WP

TR A XA BRFE > A BRI FFE(GI0R 2.8(b)1 2 £ 'wu%%zam’ﬁ%
Frbigi g d h3mad gt I R B P B eh 3o d PR R Phase Detector i ! #c
4] Code & % %1 %2 {5 #7 1 cf1 Code frd # et Bk » Dt F2HI TR (Vi) L
= — ¥ - 9B} % (monotonic relationship) °
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RIS et BiE O BREAN A ¢ 7 sensor signal s5g vt #24] & B (Vinl)

FRE R EF D - 2k Coder s R RIFFE TS BiE o gt ] TR AL
sensor signal 41 & B (Vi) > FHERIEELFF- x> ¥ L@ | 374- 2 Code’ ¥

% Code 4p & (=Code,-Code;) » #717 F ”“‘m,]* L &_sensor signal = -] (=Vin-Vin1) ©

233 #Fiwmg BRE TP

Voltage-to-Code Converter 71,4 $L2g f?%{rﬁl 29 #7510 FHwiE T NIRRT

Calibration
P
ck
1Vin

CK = CK Comp

. — > Ouput
@ [ CK | '@ >

> AN LOCk>

?

Output = Digital Code

Bl 2.9 i S AERT

* A (CKo) P P i » 7 BRI T i B 2 i 5 3 ot BASLIE 1 ey 0 TR (Vin) » 1F

* §_= % Voltage-to-Code Converter 73 sensor signal » ¢ i ¥ b o J& fT ezt & ~ i+ 1% 5 55t
AT B (Vin) > f% #”“’#'J b BT ik A0 kS YT 6 BT K3 > SAR[8] ¢ 548 Phase
detector Ve b T RS e i A BE > B MR cnfic i3 4] Code o 1T R b T RS el A
it 43 aligned » % PD 1;‘, P1¥] CK1 = CK2 44p =4 €2 {5 > 2+ B¢ SAR #5511 70 Code » i #
i AL (Vin) ~ )

Vinl

K CK
CKO T C 1 0

CK, i
@_ CK, l_i_‘ 1 —:l-

- CK,ICK, |
L Code, —»!
eg. Codel = 0010

B 2.10(a) Voltage-to-Code Converter 4 {7 & I $i-5% Bl %

GBI AR E (T E T A 0 F - S TP Ao B 2.10(a) AR gt pEEE O dhgy
#1T B (Vin)® A & 7 sensor signal » #* )E(Vinl)? 4 & H_i* 5 reference ki 5T R 0 41
A e R R RRVia) 4l b RSB 2 g 2 R o e BuEE e
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FRBTIL s Bt By bGP T aE R 2 offsets 0 B 4 TPF 0 b 30 T LT

AP g AR e 0 Y ﬂzfi‘_@?} 41 Code; 1+ J/Tk{_j it offsets e~ - » FHFF Codes F »

registers °

Vinz — —

CK I

CK 4 d '

0 2 CK, !
1 — T
Q- CK, CK, ! [—fck, |
T N R | -
— e
L Code, eg. Code2 = 1010

.".Output2 = 1010-0010=1000

B 2.10(b) Voltage-to-Code Converter 24 7 £ |5 BT

¥ = gl AP Ahe B 2.10(b) Aot gt PEiE o~ edp 4] T B (Vi) € 7 3 sensor signal
R B(Vi) ¥ 5+ Z 2w reference = fA 8 £ e b osensor & ] TR0 ATk Mg B R
Fe B R BRVi)dnd] P Bt & A 24 4 B8 0 igBatEE ¢ 7 sensor signal
CP BT B E LG REAEE R i offsets 0§ AR AF PR 0 4 00T

=

2

B BT AR g AR e o Y ﬂzfi‘_@?} 1 Code, e+ -] & 7 3 sensor signal ™ 2 1 it offsets ; %
F ¥ 5t register 17 Code; frit BF SAR A& 2 1 Code, 3% » g2 BAp R > #1718 Code £
(=Code,-Code;) ¥ 14 'ﬁ = f_ 2 i offsets i}’ # i 5 sensor signal = | o

234 it

BRGNS R TR RS R ER PP - o T ERT B
GOt o BRI B s B AR g R R SIETIELL ] 0 i ‘?‘@?]t'ii)iz'?ﬁ"
w3 > f j5d Phase detector # RIf » = L8y A )2 B Ap =L HE > JEd SAR ¥ s it
o] gk S g code HRF BN - Ko T R S P code o v H ey
FIEL = ] > @ F M EL S ] X & w48 sensor signal < ] > A3t - 38d > f KB Code £
(=Code,-Code) » AXABITIZ J8 cHa I SR BE 0% € ARST > 7000 & I7pF > & g * 382 0 3
LS S e el

TR R 4o® 2.11 #7571 > & clock frising ¥ > switch Q1 € 4% > RnRB 42 R > § 7
%t 7 B Ve 4218 comparator f #4752 reference signal 7 bio sensor signal Vin p¥ »
comparator output Vg € #& i > ¢ B¥ clear + =3 D Flip-Flop /% # set T 7D Flip-Flop > %
Vo 253 4 it & 7| T % #H CKO rising edgeed 3¢ (3)¥ 4> Vo 12 2 CKO 2. & rising edge
FPERFE € 1 Vino dopt - k#F FIARMOT RIEHEBETR

Q.=C-V, =1, Delay =V, o Delay

= Delay Line v.s. V,  is linear 3)
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5@m|_
o0 . I S
_L D Q Ql 11l ! Q;
| | — |
Ql? const CK0—> ) Ql sgoml L
- I Vc CLR p—— —100ml.. . e o
B e ma N N
I Ql _omp ' 106m jﬂ 1 // //IL,._
= _L Vin SET Vv -100m : 1 r: . |
1
3 N D Q —>o 19 : " : Vg
- — 1
460mL |
CKo—P Q |E\ ' A I\,
—200m__ .y 4 . ;
s ! | Vo
600mt § r
—1@Bmt——— SENORIOIN . sareorverar RN P ormmrer o WO |

B 2.11 & I enE BipFIpF R u & T R

235 B S

Bl 2.12(a)fr 2.12(b)4 %] &_Layout v Chip Photo ] °

q{‘a\' 2.12(a) Layout [ﬁ' 2.12 (b) Chip photo
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i) 213(b) g iﬁ

oy *

B 2.13(c) i » Vin &E B 2.13 (d) #2414 & 425

R LR 0 = 2 PCB RHegr » 4 w]{ LA e R i Vin ® e S

FRIZZIR pAAPREITIRAZ TR A X F L o 4Bl 2.13@)%T7F > 977 %
W *’ﬁm*’ TR & ft&"fﬁ e B B4R S *’é’ Ho BBB 2Ry A o 4o B) 2.13(b)
R %imﬁig] ﬂ:.l;’i’ﬁis:] ~ i ASUE R A 1 TR R B (Agilent E3646A Dual output
DC Power Supply)# &7 % & & > B 2.13(c)P| E_5 7 & » in ?fﬁﬁ’:ﬂkﬁ—i sl R RT R
»PERRUEL ) LR R - ey S FRRIERF T ZR A A 2 E(ROHDE &
SCHWARZ AM300 Dual arbitary generator 100Ms/s)i# » 500- kHz HHE & Hfﬁ, T'F?a 550
Fo¥ thod PR T RE T “,ﬁcf%%’%;{’%? fa B2 0plEE 3 22 4% B A F *a2 Print Port
R E :fq-ﬁg,] fr#l o & 2 4% Borland CH425% 35 7 KK #4485 @] Frdlde A7 g 28
)"Jﬁisa] B o B 2.13(d) & 4 g ARt G Rl o

3

Wi

Simulation Measurement
Delay (ns) Simulation Delay (ns) Measurement ss, 0T tt, 0T ff, 0T
4 = ° 4 _ Vi (MV) Output (ns) Vi (MV) Output (ns) Vip (MV) output (ns) | Vi, (mV) Output
:lLGOO ss0 iggg 1Vin, 155 = 2.1875 mV 170 832.227 170 629.752 170 469.625 170 591.C
500 y 5580 310 1556.28 310 1177.43 310 877.52 310 1113,
1400 14001 Measurement Step = 1mV, A=140 724.053 A=140 547.678 A=140 407.977 A=140 522.%
1300 1300| Total 141 points 170 854519 170 657.357 170 493.178
1200 tt80° 1200 310 1596.46 310 1227.67 310 920.483
1100 to 1100 . A=140 741.941 A=140 570.313 A=140 427.305
1000 | | 1000 ss, 80C tt, 80T f, 80C
900 1 / I ffSOO 900 (0.31, 1113.38) Vi, (MV) Output (ns) Vi, (MV) Output (ns) Vi, (MV) Output (ns)
. s ti0° 800 170 822.343 170 630.002 170 475.456
800 = 310 1538.54 310 1179.21 310 899.557
700 // = | 700 A=140 716.197 A=140 549.118 A=140 414.054
600 | e 6001(.17, 591.02) 170 864.50 170 657.915 170 299507
500 / 1 t Vin V) 500 Vin \ 310 1614.72 310 1229.79 310 933.541
400 > 00 > A=140 750.13 A=140 571.875 A=140 434.034
017 0.2 0.24 028 031 0.17 0.2 024 028 031

Il Fresim Bl Fostsim B Measurement
] 2.14(a) delay line ##t& & Bl b 7% B @) 2.14(b) delay line fiHt ez & Plenhf i &
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Output Code Simulation Measurement
ss, 0 tt, 0C if, 0°C
gg 2 818:22; Viy (MV) Output V,p (MV) Output Vip (MV) Output Vip (MV) Out
(310.,60) 170 000100 170 000100 170 000100 170 000
’ 310 111100 310 111101 310 111100 310 111
50 (310,60)
A=140 | A=111000 | A=140 |  A=111001 A=140 A=111000 A=140 | A=D1
(200,16) 170 000100 170 000100 170 000100
40 (200,16) 310 111100 310 111101 310 111100
(200,16) A=140 | A=111000 | A=140 |  A=111001 A=140 A=111000
30 (200,16) M ¢ Step=1mV 1141 poi ss, 80C tt, 80T f, 80T
.easuru.sm%:n tep_ mV, total= por V, (mV) Output Vi, (MV) Output Viy (MV) Output
20 Simulation: tt80°C 170 000011 170 000011 170 000011
Simulation ss0C, ff0C 310 111100 310 111101 310 111100
(170,4) 19 e Simulation: ss80°C, tt0°C, ff80°C A=140 A=111001 A=140 A=111010 A=140 A=111001
(170,3) l,r( 170 000011 170 000011 170 000011
(170,4) o Input Voltage 310 111100 310 111101 310 111100
(170,3) 160 180 200 220 240 260 280 300 310 Vin(mV) A=140 | A=111001 A=140 A=111010 A=140 A=111001
Note: Simulate 3 different points at V,,=170, 200, 310 mV and their PVT variati  [JJ]]lll Pre-sim I Postsim Il Measurement
] 2.15(a) V-C Converter =77 transfer function Bl 2.15(b) V-C Converter =7 transfer table
Code difference
2
@2pts) b e creimn im i i ei e a . . §
(6 pts) @ W mae e s ma e e eaeas s serass s s e s s s s e s be ea 4
(23 pts) -1} . e e e a e i

2 . . . . .
016 0.18 0.2 0.22 0.24 0.26 0.28 0.3 0.32

Bl 2.15(c) V-C Converter 7 Code error

B A k& % (Agilent E3646A Dual output DC Power Supply)# ix#73 % /& ¥
LDO (LT3020) > o **Z & P32 170 2 310-mV % 140-mV %lﬁrﬂ R AT ORI E
45&?{LDO%} NREBRE M 1-mV 5 H IS *’% it e 141 BEERFI AR
(Tektronix TDS 3052B)% 4+~ % F @?J * % B Vin FF 74 & o0 delay (ﬁ%] kA5 en i 4o clock
Ol 2 PR L) R § PFATE % b code o

Rl 2.14(a) &_delay hfikt{r& Rl % » 7 1SR4 =F 5 PI= B corner foi BiR=pE & -
= > % delay line » + = P H 3e4x™ & B ERIEATA 4 drdelay & 0 d matlab 74 4 ken

‘na
&)= 3 » ¥ g Bt £ R1% % match & tt-corner o Bl 2.14(b)R 71 ’n‘iﬁii%’:%?] > FRACE R
7 [ corner ¥ i 5 delay line %-#c# & o

1t

B 2.15(a) » #* Voltage-to-Code Converter m%] » 7 R %] At code M % 0 A PCHELPEIE B
Vin 2 170 ~ 200 ~ 310-mV % % B 2hie (7 {58 figdt ,%FF”’%] 41 code £ & Jp|pF iF 9 code H_
10 e e s B 2.15(b)P) 5] 41 Voltage-to-Code Converter ’L‘fo’é‘:}*’qﬁ%] »~ 7R~ BB E A corner
E‘*"fm%] » R @Vt’%] ' code B %4 FE o

d B 2.15(c)%idh T A0l 7 BT HH A 24 chcode &R iPlchcode 2 BF L & > oI I TR
Vin o ¥ 12 {8 3] 2 (2)H & o

= 4223 _ ;435
42+76+23 ()
DNL: no missing code

d BT g I AF B Vin AfRE B RI50 ¢ A2 Apl chcode LT av R FI R p At g
2=t é’ﬂﬁsal ~ & B Vin €_discrete = ;¥ %4 11 % DAC A& f/fj'ﬁﬁﬁ process variation e
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236 FpHE Az pEEL L

% 2.2 Voltage-to-Code Converter Performance Table

Process TSMC 0.18-pm 1p6m CMOS
Supply voltage Y

Resolution 6-bits
Operational Frequency 500-kHz, [ T=0.2-ps ]
Voltage Input Common Mode Range 170 ~310-mV
Sampling Rate 33-kHz

Current Consumption of a delay

element 200-pA

A cap in a delay element 28.8-pF

Simulation: 2.2-mA

Total Current Consumption
Measurement: 1.6-mA

Simulation:
ss: 860-1601-ns, range=741-ns
tt : 658-1229-ns, range=571-ns
ff:  496-927-ns, range=431-ns
Measurement:

591-1113-ns, range=522-ns

INL=0.135
DNL: no missing Code

Delay Range

Voltage-to-Code Converter Linearity

Die area 1.2 mm x 1.2 mm

237 T T ARt

fa SN S RIS ﬁ?‘l » % B ehde ] T & { #c delay ~ 2 0 comparator[9]
12K 3 0 4oB] 2.16(a) ° H performance 71> B] 2.16(b) » Voltage-Controlled Delay Line 4 5]
2.16(c)#17F

Feature Performance
wOD 1-4
Viom 0~ 500-mvy
Current Summing Stage Gain >74-08
[ 1 lotatic < B3-pA
—l | f 2-MHz
'_rl k') -3dB
e EI' Er % SR, at avin = 14gg = 1My a3-%Ius
TR V] " = T sting: L5 <12-ns
= at AMin = 1V zg = 1mY
7 .
= Gain B6-0B
Output Stag: - v
utpu age fas 2 3 MHz
SR, at ovin = 1wy = 1mv 104-%/us
Tsenling- C=51F, B-Ns
at AN = Wz = TMY

B 2.16(a) Comparator % & ZE ﬁé Bl 2.16(b) Comparator Performance
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Delay (ps)

1o ss80

| tto
1 80
ff0

usable range = 10 ~ 850-mV/

T
-
_/'.'
.

0 100 200 300 400 500 600 700 BOO0 9S00 1000

- N O B M O® - @ ©

Vi, (V)

=]

Bl 2.16 (c) Voltage-Controlled Delay Line

% 2.3 Voltage-to-Code Converter Performance Table

Process TSMC 0.18-pm Ip6m CMOS
Supply voltage 1V
Operational Frequency 100-kHz, [ T= 10-us ]
Voltage Input Common Mode Range 10 ~ 850-mV
Sampling Rate 2.7-kHz (estimated)
Current Consumption of a delay element 70-pA
A cap in a delay element 40-pF
Total Current Consumption N/A
Simulation:
ss: 130 ~ 8086-ns, range=7956-ns
Delay Range tt: 113 ~ 7067-ns, range=6954-ns
ff : 94 ~ 5884-ns, range=5790-ns
Measurement:
N/A

-19 -




24 A3 E2 pREEFET S %

1.

iz B3+ F 0 Pre-Amplifier #_2 CMOTA (Current-Mirror Operational Trans-conductance

Amplifier) e H 5 AAHE TR Y -

BA PR s LR AR

P+ 34 2 Pre-Amplifier § & — 7 MF R/ AT B B E ~ LR TR g

goﬁﬁiiﬁlju RIE S 3 ST Y

% Py ~ MR R/ M 42 CMOTA %8 1}]&

Transactions on Transactions and Systems II: Express Brlefs JI1(#FFlzm~ ) 1 % VLSI

Design/CAD Symposium [C1] (331 € # < )

[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
II: 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.

g A,Iaa;g'» 3 %fﬁ?ﬁ»’;;}iﬁ »EAm e d i - BET

% 24 CMOTA 2z R 4 &2 f 7 R &

Process

TSMC 0.18-pm CMOS

‘| Die photograph

Design Parameters

K=0.85N=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 x 0.14 mm

i“ﬂk%#é*% i***%%*marﬁaﬁw&wgﬁ%mbo,p;aﬁ
s = &4~ 3 % B (Delta-Sigma Modulator) -
- 44 P A A (Continuous-time) 07, i

PR ALY A 4 2 T el o

- HER M 2P TR R, A
BRARDIVNEFET cFF 57 RRT
AL 4~ 7 DEM (Dynamic Element

Matching) e j# » X PR IR - B[z A D HE > 0B % E 4 100-kHz f

B &3 77dB 0 5L (SNR) ©
Symposium [C2] (3 €

Engineering [J2] (FF 75 <) °
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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 221 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 ¢ RUE AR S S
Voltage-to-Code Converter i #-% B F 3 E fHd 4 = & @:n;ﬁﬂ o pl— T P E @
AL BER LR DRI LR R ﬂ b 4 47 B~ 8 ADC
BAF O KR b oo A E IR é’*?"ﬂ‘ - AR FEI(HIEHE LT

i+ ¥ av e91 Voltage-to-Code Converter) © #* — Voltage-to- Code Converter Fg3+3= i 2 p
R T L g At T18-96E(F)*§”k(’£ YRR FTA
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