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Lecture#6: Single-ended stage and differential pair '

1. Single-ended stage 3. Apparent difference between single
0 General description ended stage and differential pair
0 Small-signal model of abipolar transistor

0 Small-signal model of a MOSFET transistor 4. DC offset

o0 DC offset in asingle ended device

0 Zero DC offset in a pseudo differential pair
oWhy <“zero” IF or direct conversion

oDC offset cancellation

2. Differential pair
o0 DC transfer characteristic
0 Small signal characteristic
o Improvement of CMRR
0 Increase of voltage swing
o0 Interference cancellation
0 Increase of noise
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1. Single-ended stage

0 General description

* Voltage gain and current gain of a devicein low frequency

Table 6.1 Voltage gain and current gain of a bipolar and CMOS devicein low frequency. (Z, ,=Actual load impedance)

Configuration Voltage gain Current gain Z

cE -a{r/iz) b, z =Rz,
CB Ind. a, z =Rllz_,
(b, +1)-%

2TA @1 (fugpofw) 2 =Rz,

CC o+l +(bo +1) o4 0 ¥2 |
I+
CS - gn(rd//ZL) ® ¥ ZL:RJ//ZL,A
cG (9n+Gm)2 ®1 z =R/lz,
cD Il r ® ¥ 7 =Rz,
1+(G + G ) +zdL
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0 General description (Continued)

* In the cases when the RF circuit isoperating in RF frequency range or thedigital circuit is operating
with high datarate,

. Either voltage or current gain islessimportant than power gain. Power transportation must be
considered asthefirst priority.

. The power gain is mainly determined by the performance of input and output impedance
matching. The designers very concern the input and output impedancesin a variety of
configurations,

. A basic single ended amplifier can be demarcated into 3 portions.

It istherefore concluded that the study of input and output impedances of a device,
Z. and Z_,, with different configuration becomes prerequisite.

out’

& i, fo LY
Input Device Output

% matching with matching 7

Vs network different configuration network

Figure6.1 A basic single ended amplifier can be demarcated into 3portions.
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. Example #1: a LNA

a) I nput impedance matching
b) Output impedance matching
c) Low noise

d) Power gain

. Example #2: a buffer after VCO

a) High input impedance , unmatched
b) With power gain

c¢) Output impedance matching

d) Load pulling test

L ecture #6 Richard Li, 2006

PDF Ui “pdfFactory Pro" iR RRAG)E ww. Fineprint.cn


http://www.fineprint.cn

o Small-signal model of a bipolar transistor
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Figure6.2 Small-signal equivalent circuit model of abipolar transistor
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Figure 6.3 Small-signal equivalent circuit model of a bipolar transistor in the high frequency.
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Figure6.4 Small-signal equivalent circuit model of a bipolar transistor in the low frequency
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*  Impedance of a CE (common emitter) device

V. | B E B’ ¢ : |
I ! — > : : <+— o Vo
o—! *—/\N——10 9
4 —» ! + | —7u
. el w @y [ |
: T T : 4
Vs E ® i
! ~ | ~
1 Bipolar transistor i
________________________________ i E“"““““““
Figure6.5 Small-signal equivalent circuit model of a CE (common emitter) device
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Z, =TI, +- Ir
° jiCow °
_ 1 - b
Q_@Qw_%gw %_kf+ﬂ (nCw)’ +1
Co=cC Q2+1:C (rcw) +1
S p Q2 p (I’pCpW)2
4 . 2
, ¢ v (r.Cw)
in — € > U 2
& (hGw +1g CwW(r,Cw)* +]
Zoy =T+ 11—
JC W
—_ é r0 L:J 1 (rOCCSW)2
Zout - gc + 2 'h J 2
g (rCw)+1g ~Cm(r,Cw)’ +1]

In the low-and mid-frequency, the capacitors, C _and C, are negligible, thus

Z

n

=r, +r

ZUt :rC+r0
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* Impedance of a CB (common base) device

Approximations:

v E E

7" —> |
% i
v !

Figure 6.7 Small-signal equivalent circuit model of a CB (common base) device
for input impedance discussion
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.V V, V, r 1
YA :_—,:V :V —1+ " »
Ii . gmvl 7i+gmvi gm p gm
rp rp
1 r 1
Zn :—//Zn : »

jGw " 1+r(g,+iCw)  g,+iCw

However for higeraccuracy whenr  istaken into account,
the input impedance is dependent of the load, z, . It would be modified to

Z, = rp ﬁ_+ I'C+—Z|_g
1+r, (9, + jC,w) ' &

o

At low-and mid-frequency,

LR e
n -
1+ MO g

For higher accuracy, the resistor r istaken into account,

Lo hhth & r+z
; 1+ (rp +rb)gm g r

Q-I-I-O

(o]
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E ! .1 c
1 1 , c |
A4 i <_iouty Vo | — Tout Vo
o o— o ® —O
| | «—Zout | — Zout
: - C |
- H ’ k | 2
1 _l_ 1
EC” = r, ; vy |
Vs WV i ¥ i
i Bipolar device i
iBi """"""""""""""""""""""
Figure 6.8 Small-signal equivalent circuit model of a CB (common base) device
for output impedance discussion
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* Impedance of a CC (common collector) device

q_

A4

Figure 6.9 Small-signal equivalent circuit model of a CC (common collector) device
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1 _i,_ 1+ JCwr, N 1+b +jC wr,
Vo rc + r0 (1+ jCcswrc) rp + (ZS + rb)(1+ ijwrp)
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_ [r. +r, [+ jCowr llr, +(z, +1, )L+ jCywr, )]

o Tl jewr ) +(z +n)a+ jCwr J+ @b + jCowr, i, +1, @+ jCowr, )]

At the low-and mid-frequency,

ro+r
zin»rp+rb+(1+b)—° <z
Z, +r +1,

)z + 1+ 1, )

(r, +
@b +r )+ (2 +r, +1,)

»

r,>>z z, » 1, +r, + (1+b)z
I’p >>Z, Z, > ;rrp
1+b+—2F
rC + r0
r, >> I’p Z, » i
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*  Comparison between CE, CB, and CC devise

Table 6.2 Input and output impedances of a bipolar amplifierwith CE,CB, and CC configuration in low frequency.
Z, ,=Actual load impedance

| nput impedance Output impedance Z,
CE (Common emitter)
Zn = rp +rb %ut:ro +rc
CB (Common base)

r+H, a&r+z¢ _
Zn ». p b +.C Z_: %ut))ro +rC +_4rL (1+gTr0) Z_ — % //Z_,A

1+(rp +rb)gn I ¢ % +rp
CC (Common collector, or Emitter follower)
r +r r =+r + 4 -
2,1, +, {I+b) 227 P 2 =Rellz ,
7+, H, (L+b)lr, +r) +{z +1,+1,)
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o Small-signal model of a MOSFET transistor

¢! ® | ®
I ,
CQS Vos Fos OmVgs OmbVbs % fg
Co L - 1 Ca
T | T
S -
Vbs
Cy I N
B

Figure6.10 Small-signal equivalent circuit model of a MOSFET transistor
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S gs gmvgs T db

S B

Figure6.11 Small-signal equivalent circuit model of a MOSFET transistor in the high frequency
(The source, S, is connected to the body, B.)

<+
-

S gs OmVgs Mg

S B

Figure6.12 Small-signal equivalent circuit model of a MOSFET transistor in the low frequency
(The source, S, is connected to the body, B.)
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Trandation
The similarity between bipolar and MOSFET model provides a short-cut to trandate all of input and output
impedance formula from the bipolar to MOSFET transistor, aslongas we do the following replacements:

C,aCy, r#sit r. a0,
Ca Cyy, aO M, &rg,
Cqy Q infinitive B o & Gyl gs
Cqa
G . _ — ~ o D
l ¥
Cgb Cgs T Vs Fos OmVgs\Y) IV My Cdb
! ST .
ngl Vbs
I,
5B
Figure 6.13 Small-signal equivalent circuit model Figure6.14 Small-signal equivalent circuit model
of abipolar transistor of aMOSFET transistor
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* Impedance of a CS (common sour ce) device

_________________________________________________________

i i _»G i i D «— ©
%n —> N i -[ I"' | I E <_Zout
1 C'
Vs i i
' MOSFET transistor i
)
S B
\Y4
Figure6.15 Small-signal equivalent circuit model of a CS (common source) device
7z = rgs _ ] [rgs(Cgs +Cgb)W]2
" [rgs (Cgs + Cgb)W]2 +1 (Cgs + Cgb )W{ [rgs (Cgs + Cgb )W]Z +]}
— Iy _ i (rd Cde)2
Zout - 2 J 2
(rCaw)* +1 ~ Com[(r,Caw)’ +1
At the low-and mid-frequency,
Zin = rgs
Zout = rd
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*  Impedance of a CG (common gate) device

— o @ S i
Zn —» i I I+ kr/ ! «— %ot I
1 d !
z i Co  Cy Vs oo AN i
| -‘- I Cap | z
| L |
1 LL| 1
Vg : i
i MOSFET transistor i
G
0
"\
Figure6.16 Small-signal equivalent circuit model of a CG (common gate) device
r z O
z, = AN :
1+ rgs[gm + J(C gs+Cng)] i o 1 + debW
zr
g + .S’ £ \ (1+gmrd)
Zs + rgs + J(Cgs + Cgb
At the low-and mid-frequency,
M z 0O Zsrgs
Z, » : §+_Li Zy »lg + L+ gurq)
1+ rgsgm Iy ﬂ Z +rgs
L ecture #6 Richard Li, 2006 23

PDF Ui “pdfFactory Pro™ iR RRAG)E ww. Fineprint.cn


http://www.fineprint.cn

* I mpedance of a CD (common drain) device

i »G i D

z, i Cgb Cgs Vgs rQS ¢ mvgs fa Cd i
: ¢ i
Vg i T T :
i MOSFET transistor I
- S P

S B

z

Figure6.17 Small-signal equivalent circuit model of a CD (common drain) device

r

rgs + [1+ gmrgs + j(Cgs + Cgb)Wrgs] —4 ZL
7z = ZL rd
" 1+ j(Cgs + Cgb )Wrgs
7 _ rd{rgs + Zs[1+ j(Cgs + Cgb )Wrgs]}
out

rgs + Zs [1+ j(Cgs + Cgb )Wrgs] + rd [1+ gmrgs + j(Cgs + Cgb )Wrgs]

At the low-and mid-frequency,

! ry(2,+ 1)
4 1 d » d g
Z,» Iy +( + gmrgs) 7 +r, 4 Zot (1+ gmrgs)rd n (ZS n rgs)
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* Comparison between CS, CG, and CD devise

Table 5.3 Input and output impedances of MOSFET transistor with CS,CG, and CDconfiguration in low and mid-frequency.

Input impedance

Output impedance

CS (Common source)

Zin = r-gs Zout = r-d
CG (Common gate)
r zZ O Zsrgs
. » gs ?4‘ L I ZOUt » rd +ﬁ(1+ gmrd)
1+r gs Om 'y @ S gs
CD (Common drain or source follower)
r-d (ZS + rqs)

I
Z, Pl t (1+ gmrQS) —2 “ou (1"' gmrgs)rd + (Zs + rgs)

Lecture #6
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2. Differential pair
o DC transfer characteristic

* Bipolar differential pair

Figure 6.18 A differential pair with bipolar devices
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Intheloop of V, & emitter of Q& V & emitter of Q,a V,,,
Vis = Vo Vo - Vi, =0

Icl Ic2
V,, =V, In——< V,, =V, In——<&

|51§+V061g Isz?—’*’\\jﬁg

Vg

Assuming that the transistors are identical, that is
Isl = ISZ = Is

Voel :Voez :Voe

VAl = VA2 = VA

cl _eXp Q_expa/il \/iZ Q_expa/idg
e OV, 5 VAR VA
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*CMOSdifferential pair

Figure6.19 A differential pair with CMOS device

L ecture #6 Richard Li, 2006

PDF Ui “pdfFactory Pro" iR RRAG)E ww. Fineprint.cn

28


http://www.fineprint.cn

Intheloop of V,;& source of M, & V& source of M,a V,,,
Vig = Vg Vg - Vi, =0

21 21
Vgsl - Vt = W = Vgsz - Vt = W =
K= (141 V) K22 (141 Vg, )
1 L,
Assuming that the transistors are identical, that is
W, =W, =W L, =L, =L
Vi = Va2 = Vi I I
— _ _ d1 ~ d2
Vid _Vil'Viz _Vgsl'vgsz - KW
S+ vy)
2L
Ly g = 1qy
| k'W al ., | k'W 4]
Iy = ;L +__(1+| \ )vld KW V.dz d2 :%' ZT(]-'H Vds)vld = KW T - Vid2
*f(lﬂ V) Ef(lﬂ V)
k'W 4]
Dly =14~ 1y :ET(]-'H Vds)vid KW T - Vid2
77(1 Ivds)
Voi =Vor - Voo (Vdd led) i Idsz):'DIde
k W 4] TL 2
Vo - R ( +1 Vds)vld k"W - Vid
2 L+1v,)
"~ 1 ds
2 L
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o Small signal characteristic

Important reference : Paul R. Gray, Paul J. Hurst, Stephen H. Lewis, and Robert G. Meyer,“Analysis and Design of Analog
I ntegrated Circuits,” (Book), Fourth Edition, John Wiley & Sons, Inc., 2001.

@

(@ A differential pair with bipolar devices

Vdd

3

M

‘.

1
Vs

Figure 6.20 Differential pair

Vo = ApVia + ALV,

Voo = AyViy + ALV,

— Vil +Vi2
ic 2
Vig = Vi1 - Viz
Vod = Vol - V02
V. = Vol +V02
oc
2

Lecture #6

e

(b)A differentia pair with MOSFET devices

A\jm:Aﬂ- A12'2A21+A22
Ajm-cm:Aﬂ- Aiz';Azl' Azz

Acm-dm :A11+A&2' Azl' Azz

Am:almﬁz-AzﬁAzz
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RTL

V02
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)

%Vz

d = AumVia T Aun amVic

C = A\im- cmVid + Acmvic

— id
Vil - Vic +

V. =V - Vid
i2 = Vic 7

V
— od

Vol - Voc + 2
V
— od

Voo = Ve - 2
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Vig/2 7'2d Viy/2
jO =0
(8) Bipolar devices (b)MOSFETdevices

Figure 6.21 Differential mode portion of a differential pair

(8) Bipolar devices (b)MOSFETdevices
Figure 6.22 Commonmode portion of a differential pair
L ecture #6 Richard Li, 2006
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(a) Bipolar device
Approximation:
r,—>0 Cc,—0
r,= Cs—0
r.—0
Figure6.23  Equivalent of differential mode half circuit
Vod — — Vid
—_— = - V = - —
2 gm 1Rc gm 2 Rc
Vod — — Vid
—_— = - V = - —
2 gm gst gm 2 Rd
R =R,=R,
R, =Ry = Ry
Vod — Vid
=-0,—R
2 O 2
\
— 0od —
A\jm - - ng
Vid
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(b) MOSFET transistor
Approximation:

rg— < Cy™ O
Cyp— O Cyp— 0
Cy— 0 Ci 0
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Lecture #6

ro >> RTL

(a) Bipolar device (b) MOSFET
Approximation: Approximation:
rp, >0 C,~0 Cyp— 0 Cea™ 0
re=0 Ces™ 0 Cy— 0 Cp—0
Cye— 0
Figure6.24  Equivalent of common mode half circuit

i g
G =-°%= m
K Vic gm 1+ 2ngTL (gmrp +1)
Gm :i_0 = 9
Vic 1+29mRTL (gmrgs +1)
Gm :i_0 = gm
VIC 1+29mRTL (gmrp gs +1)
Voc =- ioR =- Gmvac
Y/ g.R
Acm: 0C:_C;mR:_ .
Vic 1+ 2ngTL (gmrpgs +1)
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*  CMRR (Common Mode Rejection Ratio)

e o)
CMRR:ﬁ:H ngF\’TL§1+—1 H
r

m m'pgs @

L ecture #6 Richard Li, 2006

PDF SC{H{#if] "pdfFactory Pro" i A4 www. Fineprint.cn



http://www.fineprint.cn

* CMRR caused by a single-ended device

Vig =V =0
Via = Vi1
Vie =Vj4/2
Vod - Vol
VOC - 01/2

and
Vor =ApVip
0 =Ayv,y

or,
Vod =Adm  Via T AcmanVid2
Voc - Admcmvid + Acm Vic/ 2
CMRR=A,, /A, =1
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* A pseudo-differential pair

Figure 6.25

Lecture #6
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Ry =0
CMRR =1
CMRR=0 , dB.

(b) Ry, =0, R, #0, R, #0
Ry, =0, R, #0, R,#0

Pseudo-differential pair.

Richard Li, 2006

36


http://www.fineprint.cn

o Improvement of CMRR

Figure6.26  Emitteror sourcecoupled pair with degeneration resistors

] -g.R
A = R Ay » g"‘l —
1 1+2g, R, 1+ §i+ 2
1+9, Rdg§1+ m&gsﬂ O Rré 0GR, R, :
e 1 O Rdg 0
L+ 29, Ry G+ o op 3
CMRR»Adm = ngm e
cm 0
1+ ng §1+ T
InRoss
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o Improvement of CMRR (Continued)

V. Vi
Q .
Ra
Rt
V,, Vo
V, \V
Ilo Ql dz Ml
[ ] [ ]

g % 1:1 Transformer % %
(a) Bipolar device (b) MOSFET

Figure6.27 Improvement of CMRR by a 1:1 transformer

Lecture #6 Richard Li, 2006
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0 Increase of voltage swing

U

Output Vo
1

W)

Resulting Output = Single ended output = V4

;/oc
Rcl Rcz v U
Vo1 Vo2 Output Vg Output Vg
V. V. 1
i1 Ql Q i2 [b
Resulting Output = Differential output = V_, -V
| . C) RTL 01 Vo2

(b) A differentia pair.

Figure 6.28 Increase of voltage swingin adifferential pair
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0 Interference cancellation

Output Vo, - 'I-"""' N [ % J_l_l_l_
e Output v
__J‘.‘_“,I,._ é utpu ol Clock
Input Vv S
npu B A\
p i1 Ccl r\J

Resulting Output = Single ended output =V

Output  V,

- -l”-“'r -- | Output  V, f“\_/ -| |-| |- “f\
|

-=4 - -
! 1'": gy Output V.,  Clock Output Vg,

v

Resulting Output = Differential output=V -V,

Input  V,; Input vV,

(b) A differentia pair.

Figure 6.29 Interference cancellation in adifferentia pair
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0 Interference cancellation (Continued)

Figure4.27 showsthat a differential pair can rgect theinterference
but no “common mode noise” .

« Noiseisarandom stochastic process.
It isnonsenseto talk about “common mode noise” or “differential mode noise”

« Adifferential pair rgectsinterference partially
If the differential pair isin an imperfect symmetrical condition.
A differential pair regectsinterference from outside totally
If the differential pair isin a perfect symmetrical condition.

L ecture #6 Richard Li, 2006 41
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olncrease of noise

*  Noise can never be cancelled dueto itsdifferential function ina differential pair.
*  Noisefigureof adifferential pair isabout 3 dB morethan that of a single-ended branch.

Output v, N, Output Vg,

Input v, Q. Q, Input v,

Re

Output v, N, Output Vg,

j Input v,

Input  v;,

Figure6.31 At differential outputs, noise from Q, cannot be “differentiated away™!

L ecture #6 Richard Li, 2006 42
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Reasons:

« Twodevices, Q1 and Q2, can be equivalent totwo resisters, R; and R,.

» Then, by the samereasons as described in the previous problem, the processthat these
two devices attenuate or magnify the noise from Q, is a random stochastic process also.

» Itisthereforeconcluded that it isimpossibleto keep attenuated or magnified noise

exactly the same at two differential output terminals, Vy, and V.

L ecture #6 Richard Li, 2006
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3. Apparent difference between single ended and differential stage

Ve Vaa
R ; R
<+ iy Vp <+— iy v
O O
v, i, —» v, i —»
O O
R R
(8 A bipolar single-ended block (b) A CMOS single-ended block
Figure6. 32 Single-ended block
Ve Vaa
<+ |01 Vo1 D Iol Vo1
O O
<“— ip Vp <+— iy Vi
Vit Q. Vip Q.
v, Ve
Vip iy —» Vip iy — P T
o O

(8 A bipolar differential pair (b) A CMOSdifferential pair
Figure 6. 33 Differential pair .

L ecture #6 Richard Li, 2006
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o Definition of adifferential pair:

|Vi1| = |Vi2| Iy ==, or

bv, - by, =180°

|Vol| = |V02| i01 =- i02 or

bv, - bv,, =180°

i = o]

i, - Di,, =180°
] =i

Bi,, - Di, =180°

o Apparent difference between single ended block and differential pair

Table5.4 Apparent difference between single ended block and differential pair

Lecture #6

Single-ended
Current drain 1x
Layout area 1x
Symmetry No

DC offset (In deal case) Yes

CMRR (In deal case) 1

A‘«g

Richard Li, 2006
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4. DC offset
o0 DC offset (In deal case) isformed by a single-ended device

Vi Single-ended block , A
ol > with -~ 9 o
non-linear device

(a) Block diagram

V,

cc

<+« ip Y
O

(b) Schematic

Figure6.34 A single-ended block with non-linear device

L ecture #6 Richard Li, 2006
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V,, =Vsinot
Iout = a1Vin + a2Vin2 + aSVin3 + aﬂvin4 +......
= aVsinot+aVisret+aVisntot+aVisnot+. ..

= a,V,sn ot+a,V,[1-co2wt]/2 + aV33sinw t-sind3 w t]/4 + a,V,4[3-

4c0s2 o t+coA w t]/8 +
= g,V snwt-a,V.cos2wt]/2 +aV33sinwt-sin3w t]/4 + &,V 4[-4cos2 w t+cosA w t]/8 +
a,Vi2/2+3a,V4I8+ ...
| ot DC-offset= B Vi2 12+ 38, V4 /8 + ......

DC offset is contributed by the even order non-linearity of the device.

~—2 ! *
= G

L ecture #6 Richard Li, 2006 47
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o DC offset (In deal case) caused by a pair of devices

Vol

i1 iil —> < i01
. . . o
+ O——————| Differential pair

V. with iid: i01 -ioz
id : non-linear device :
. o |

: ——— 0
lip —® e v,

(a) Block diagram

VCC
3
RC% %Rﬁ
<+ Iol Vo1
O
+— iy Vp
Vip fp — |i Q& Q
Vip lp —»
O
Rei R
(b) schematic

Figure 6.35 A differential pair with non-linear devices without coupling

L ecture #6 Richard Li, 2006
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V4 =V, Shot-Vsin(®t+180°)

Iod = Iol_ |02

IOl = a:I.VI:I.sn wt + a2V|:|_2s n2 wt + a3V|:|_3s n3 (Ot + a4V|14S|n4 (‘)t + ...
= a,V,,Snot-a,V, jcos2wt]/2+aV, [3sinwt-sin3w t]/4 + a,V,,[-4cos2 v t+cosA » t]/8

+
a,V,2/12+3a,V,A18+......
l, = -a,V,Snot+aV, 2"dret-aVenet+aV lesntot+ ...
= -a,V snot+aV, cos2wt]/2-a,V i [3snwt-sind3w t]/4 +a,V,,"-
4c0s2 o t+coA w t]/8 +
a,V,212+3a,V, A8+ ......
If V,=V,=V, then,
Iod :|ol_|02_ _ _
=2aV, snot+2aV,  [3snot-sindwt]/4+......
Iout, DC-offset™ 0
DC offset is zero due to the differential configuration.
L ecture #6 Richard Li, 2006 49
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oWhy “zero” IF or direct conversion ?

* |In order toreducethe cost down, Zero-1F system

replaces dual conversion system.

LNA 1t Mixer IF Amp. 2nd Mixer De-modulator
Tunable BPF BPF g
BPF =S 455 kHz
Crystal FLT
(a) Dual conversion receiver
T LNA 1st Mixer IF Amp. De-modulator
] R =

(b) Direct conversion receiver

Figure6.36 Block diagram of dual conversion and direct conversion receiver

* Zero-IF system hurt by DC-offset
* DC-offset = 0in adifferential pair.

L ecture #6 Richard Li, 2006
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0 DC offset cancellation

* “Chopping” mixer

Differential mixer

——o0 Input,

O———» Input Outpt |——»0O
RF O——p| chopping chopping [ 0O IF
Figure 6.37 Block diagram of a“chopping” mixer
Output, Output,
g T B 09 T 9 ¢
[T1 ) Mt
Input, 0——= < GND ——o0 Input, Input, 0——= <
ur— 1 L
@ I T ) @ _g_ _g_ )]
Output, Output,

(a) Input chopping block

Lecture #6

Figure 6.38

(b) Output chopping block

Input and output chopping block of a“chopping” mixer

Richard Li, 2006
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<
n—og

O |F
v 2 2 "
VCC.
|
K L o LO,
LOpQ—q >—I<
LOnG ’—I%—o—FI_‘ —1J“

o

@ H?ﬁk@ﬁ?ﬁo
l

RF,

%

RF,
Figure 6.39 Topology of a“chopping” mixer
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(Baseband)

A

<4—

2

2

(Interferers)

Figure6.40 Two interferersresult an un-desired 1P2 product in a mixer.

Lecture #6
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(a) Atthe RF inputs

(b) After input
chopping but
before Gilbert
cell

(c) After Gilbert
cell but
before output
chopping

(d) After output
chopping or
at the output

Lecture #6

(RF input signal)

(Two interferers)

H —ple—af
fLO fx
H H At—p|leplle—ar
I T
flo-fen fotfen fefen fetfon
Af
_’4_
I T T T T
fen O Hoy Fefenflo fefentfio  fitfontfio
\f ftfenflo
>« :
T L
I I
0t fif o2y ffiot2fen ftflo2fon  fitflot2fe,
fx_fLO fX-H:LO

Figure6.41 Principle of DC offset reduction in the*“Chopping” mixer

Richard Li, 2006
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* DC offset calibration

Differential mixer

=0
§

LO

LPF

Buffer

>

1

IDAC

SAR
Control

Compaator

:zﬂi
: _
il

Figure6.42 Block diagram of DC offset calibration

Lecture #6
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*  Hardware scheme

HPF Low frequency
O———> (HighPassFilten) Amplifier | —

Figure 6.43 DC offset cancelled by the combination of alow frequency amplifier and a LPF.
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