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A nested DC offset cancellation circuit based on negative feedback technique

Zhang Fangling', Lei Qiangian',Zhang Xudong', Li Xian?, LI Lianbi'
(1.School of Science,Xi"an Polytechnic University , Xi’an 710000 , China ;
2.Shenzhen Niureixin Technology Co., Ltd., Shenzhen 518000, China)

Abstract: Based on the UMC 40 nm CMOS process, a programmable gain amplifier(PGA) with DC offset cancellation circuit(DCOC)
is designed. The PGA adopts a closed —loop resistance negative feedback structure and consists of a cascade of two gain units.
DCOC circuit is based on the traditional DC negative feedback structure, a nested feedback method is proposed to reduce the pow-
er consumption and area of DCOC circuit. The simulation results show that within the gain variation control range of 0~52 dB, the
high pass cutoff frequency and the relative inhibition degree of DCOC are constant at 10 kHz and 50 dB,and the maximum cor-
rectable input misalignment at 0 dB is 110 mV. Compared with the traditional design method, the area of DCOC has been reduced
by almost half.

Key words: DC offset cancellation ; nested feedback ; programmable gain amplifier

0 [11-15]
(Programmable Gain Amplifier, o
PGA) , 1 , R. Cc
[1-3]
’ ’ r—-————--—----"-"—-—=-—--—-=-
o . I R
o 5 I B $- Il Il
[4-5] I J—
| | ' T
[6-8] l

s 5 out
o l\
. A

* : (KQTD20190929172628244 ) 1

50 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

W HEFHA

Microelectronic Technology

http://www.chinaaet.com

B , out . 2(a) DCoC oP,
in, 41 2(b) DCOC
3 oy 2(a)
PGA s s o
o PGA b ’ ’
’ 2 9’
. 2(a) PGA DCOC , RC op,
2(b) DCOC PGA
1
DCOC PGA 3 s
PGA PGA1 .PGA2 s PGA
,PGA1 0~26 dB,
26 dB 52 dB, 2 dB,
or 52 dB 3
I DCOC S s
¢ Ve R C
(a) ’ B )
1(FL1), Rs :
o——T—— PGAl >-ccoom- PGAn
; 2(FL2)
PGA o R;.Cy
~1 & B, R, - G
| — ’ Cl C()
] A
C 3 Vm N Vil: )
(b) DCOC Vil ) Vi2 ’ Vul N VUZ
2 , FL2  FLI
lpcar my, | Ir PCA2 Ry |
C/ | wa |
Via I R, I Vihl R, ,\ l Var
—H A A : - A2 | °
I Var | I/
I - |
- _ 4 L= —— = -
(I | |
(T L - d _i
| | Feekback Loopl(FLI1) |
[ Vio LT . ||
| 7 N\ |
| v A 1 B »—;1— ¥
! R 1 C o I|
/| i Feekback Loop2(FL2) \ : (i Y, ||
b7 e e e — D o B
L DC-olfsel cancellation circuil : . I
3 DCOC
) 2021 47 5 — 51



MEFHEAR

http://www.chinaaet.com

Va=Va(= V(=)

Ry iy (- Rn
RVl

B 9
B
1+-2-
\ wy |

Va=Vi(-

Vi=Vo=Ve:

V=V
RsC, R;BC,

B DCOC , @y
. PGA  DCOC

[2N)

Rzl Rzz (s+w
—(?)(?) (s +ao)

e

aRA_ Ry

Hs)= %=

,a  PGAIL . B —)»10 0]

Ry Rs

wRa _Ro

S T A R

(7) , , Ry
R3 . R4, Rs Co o PGA1,
o  Ry/R, ; PGA2
Rx/Rs , a(Ry/Ry)  Rxn/R;

’ ’

,PGA

_ @
H(O)_B. aRi_Rizz)_l
R, R;s

g B Ry |
(8), B(aR4 e

, s a(Ry/Ry)

PGA ) , B 2003

UMC 40 nm CMOS ,

PGA o 4 DCOC

10 kHz ,PGA
,PGA 0 dB~52 dB,
0.2 dB,1 dB 20 MHz .
a(Ru/Ry)  Rn/Rs ,
PGA , 10 kHz, DCOC
, 50 dB.
5 0dB Rs,

52 —www.ChinaAET.com

Rx»/Rs 3500

(1)
(2)

V/dB
g

(4) .
(5) 1500°

| OLLILLLLL I L L 0121 L R LR R e

10° 10 10? 10° 10t |10 10t 10 10° 10° 10'?
f1Hz
4 PGA

(6) o0 -

4100 = \

/dB

(7) o0 ]

(R»)

PGA it

(8) 0.5 kHz .1 kHz .10 kHz , 100 kHz

DCOC

DCOC

V/mV

2 dB, 10003

M Il e L i |

T T
00 20 400 60.0 BOO 1000 120

1 L I
1400 160.0

Ll i |
1900 2000
t/ s

6 0dB

http://www.chinaaet.com



http://www.chinaaet.com

M EFHEAR

6 PGA 0dB 110 mV
) , DCOC ,
1 mV.,
1 DCOC 10 kHz,
50dB , DCOC
0 , PGA
; [6].19]
; , DCOC
1 DCOC
0.=10 kHz Ri/kQ  ColpF B/ R,/ Q Rs/Q)
4l 580 10 2 40~830 k 40-830 k
o] 580 10 1 1.08~22 M /

580 10 1 4.9~42.16 k 40-830 k

PGA 2 ,PGA
67.5 wV/\V/Hz 1V 2.7 mW,
3
UMC 40 nm CMOS

DCOC PGA , DCOC

, . ,PGA

0~52 dB, 2 dB,
0.2 dB,1 dB 20 MHz,0 dB  IIP3
26.8 dBm, 67.5 wV/\V Hz, DCOC ,
, 1V

2.7 mW,

[1] JIN J,LIU X,ZHOU J.A 0.25-dB-step , 68 —dB-dynamic
range analog baseband with digitally assisted DCOC and
AGC for multi-standard TV applications|]J].IEEE Transac—
tions on Circuits and Systems II ; Express Briefs , 2019 , 66
(10):1623-1627.

[2] MA R,LIU M,ZHENG H,et al.A 77-dB dynamic range
low—power variable—gain transimpedance amplifier for linear
LADAR[J].IEEE Transactions on Circuits and Systems II:
Express Briefs, 2018 ,65(2):171-175.

[3] SONG X,LU Z,CAI L,et al.A wideband dB-linear VGA
with temperature compensation and active load[J].IEEE
Transactions on Circuits and Systems I:Regular Papers,

2019 ,66(9) : 3279-3287.

[4] KUMAR T B,MA K,YEO K S.Temperature compensated
dB-linear digitally controlled variable gain amplifier with
DC offset cancelation[J].IEEE Transactions Microwave Theory
Techniques , 2013 ,61(7) : 2648-2661.

NAMGOONG W.Performance of a direct—conversion receiver
with AC coupling[J].IEEE Transactions on Circuits and

—
9}
—

Systems Il : Analog and Digital Signal Processing, 2000 , 47
(12):1556-1559.

[6] ZHENG Y,YAN J,XU Y P.A CMOS VGA with DC offset

cancellation for direct—conversion receivers[J].IEEE Trans—

actions on Circuits Systems |, Regulas Papers, 2009 ,56(1) .

103-113.

CHARLON O,LOCHER M, VISSER H,et al.A low-power

high—performance SiGe BiCMOS 802.11a/b/g transceiver

IC for cellular and Bluetooth coexistence applications|]].

IEEE Journal of Solid—State Circuits,2006,41(7):1503-

1512.

CROLS J,STEYAERT M.A 1.5GHz highly linear CMOS

down conversion mixer[J].IEEE Journal of Solid-State
Circuit, 1995 ,30(7) : 736-742.
[9] ELAHI I, MUHAMMAD K.IIP2 calibration by injecting DC
offset at the mixer in a wireless receiver|]J].IEEE Transac-—
tions on Circuits and Systems II,2007,54(12):1135-1139.
[10] LI Q,MA S,YE F,et al.A low—power PGA with DC-
offset cancellation in 65 nm CMOS process[C].13th [EEE
International Conference on Solid-State and Integrated
Circuit Technology (ICSICT) , 2016 : 946-948.

[11] CHEN T M,CHIU Y M, Wang chuncheng,et al.A low—
power fullband 802.11a/b/g WLAN transceiver with on-
chip PA[J].IEEE Journal of Solid—State Circuits, 2007 ,42
(5):983-991.

[12] LEE H D,LEE K A,HONG S.A wideband CMOS variable

gain amplifier with an exponential gain control[]].IEEE

—
~

—_
o]
—

Transactions on Microwave Theory and Techniques, 2007,
55(6):1363-1373.

[13] RAZAVI B.A 5.2-GHz CMOS receiver with 62-dB
image rejection[J].IEEE Journal Solid—-State Circuits ,
2001 ,36(5):810-815.

[14] Chu Xiaojie, Lin Min, Gong Zheng,et al. A CMOS pro—
grammable gain amplifier with a novel DC-offset can—

cellation technique[C].IEEE Custom Integrated Circuits

2 PGA
DCOC —
/nm /dB  1IP3/dBm@0 dB /(nV/\VHz ) 1dB /MHz PGA m
( LV)

/dB /mV

0 110

40 0~52, 2 26.8 67.5 >20 26 50 2.7
52 3
( 58 )

) 2021 47 b — 53

http://www.chinaaet.com



mu&ﬁ*ﬁ&%g&ﬁ http://www.chinaaet.com

DG444 i
A/D , ;
. 1s) [1] .ADCP [J]. ,
4.2 2017(8): 165-166, 179.
. (2] , . ADCP [J1. ,2018
, (10): 54-58.
) 10 pV (3] , .ADCP 1.
.2 MHz 7 ,2010(6):29-32.
, i 1 [4] , , - 1.
,2017,36(10):94-95,98.
’ ' ' (5] . CMOS [D].
) : ,2015.
1 (6] .ADCP [J]. ,
(Hz) 2016(2) : 86-89.
[7] . FFT( ) [J].
,2015,25(29) : 144-147.
2000 100 97 113
2 000 500 507 481 18] ’ il » - T2 FFT
2000 100 1002 1034 LJ]- ,2019,26(2): 31-34.
1999 900 104 85 [9] .STM32H7 (7.
1 999 500 497 527 ,2016,16(12): 81-85.
1999 000 995 983 [10] , . RDI ADCP [J].
,2012(6):32-38.
, [11] . STM32F1
. [J1. ,2019,3(20):35-37.
) , CPU [12] . [J1-
, , ,2010(5) : 12-16.
. o [13] , , .
5 [J1. ,2007(4) : 44-46.
FIR 7 [14] . ADCP
[J]. ,2012(3) : 65-69.
; STM32H743 , [15] : [D].
,2011.
SRAM , ’ ; ( :2020-06-23)
, FFT :
(1994 -), .
° ’ Abcp , E—mail ; 172585164@qq.com ,
¢ (1958-), , ,

’
o

100000000 0> 00> 0> 00> 0> 0> 0> 00> 0> 0C>0C> 00> 0> 0<>0C> 0> 00> 0> 0> 0> 0<>0> 0> 0<C>0L> 00> 0

( 53 ) :
(1996-), , ,
Conference , 2010 :1-4.
[15] ZHENG Y,YAN J,XU Y P.A CMOS VGA with DC (1984-) :

offset cancellation for direct—conversion receivers|[J].IEEE
) )

Transactions Circuits Systems I, Regular Papers, 2009, 56

(1): 103113 , E—mail : leiqianqian@163.com ,

(1996-), , s

( :2020-11-20)

58 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





