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Abgract: A L1 1 2GHz CMOS high phase accuracy ,low amplitude mismatch quadrature L O driver is presented,

which consstsof a high frequency amplifier ,an integrated poly phasefilter ,and an I/ Q phase and magnitude calibra

tion circuit (PMCC) . The proposed PMCC uses a feed-forward calibration technique. It improves the phase accuracy

and reduces the amplitude mismatch with low power consumption. Smulation results show that phase error with

PMCC is reduced to about one half and the amplitude mismatch is reduced to about one tenth ,when compared to the

L O driver without PMCC. Moreover ,the calibration circuit a s functions as a buffer to drive mixers,thus no addi-
tional buffer is needed in this desgn. The L O driver isimplementedina TSMC 0. 21 m CMOS process. Experimen-
tal results show that the LO driver achieves high quadrature accuracy ( < 2°) and low amplitude mismatch ( <

0 1%). It has about 5 25dB gain and dissipates 6mA from the 2 5V power supply. The size of the die areaisonly

1 Ommx 1 Omm.
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1 Introduction

Many modern transceivers, such as those
based on low-IF or zero- |F architecture,require an
inrphase and quadrature (I/ Q) LO sgnal for image
regjection!™ . In these transceiver systems,a major
challengeisthe generation of high quadrature accu-
racy and low amplitude mismatch I/ Q LO signals.
The I/ Q phase and amplitude error directly effect
the performance of the image cancellation and neg-
ative frequency reection of the demodulation.
Thus,to the circuit desgners,thereis an unprece-
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dented interest to study the generation and calibra
tion techniques of quadrature LO signals.

At present ,there are three popular methods to
generate quadrature signals’® * :combination of a
V CO and a poly phasefilter ,a VCO at double fre-
quency followed by a divide by-2 master-dave flip-
flop ,and the use of a quadrature VCO. The second
method needs a V CO designed at double frequency
and the third method offers bad phase accuracy;
therefore,in this desgn ,the first method is adopt-
ed. However ,it is well known that this method is
subjected to the component mismatch and parasitic
effect. In order to improve phase accuracy , several
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digital methods for compensating the I/ Q imbal-
ance usng base-band DSP techniques have been
demonstrated® . An analog approach is desrable
because its power disspation is lower than that of
the digital methods” .

In thispaper ,afully integrated quadrature L O
driver is presented with high phase accuracy and
low amplitude mismatch. In order to improve the
phase accuracy of quadrature LO signals,an I/ Q
phase and magnitude calibration circuit (PMCC) is
proposed. In contrast to the traditional feedback
calibration methods'®”! ,PMCC uses a feed-forward
phase and amplitude calibration techniques. In a
traditional feedback calibration mechanism, high
accuracy quadrature LO signals can be achieved,
but there are two unsolved problems that degrade
transceiver performances: system rate has to sow
down for the large feedback circuit circle,and the
transceiver will suffer from instability issues. Mo-
reover ,due to the D/ A and DSP in feedback cali-
bration systems, more power has to disspate in
feedback calibration circuits. In our proposed PM-
CC,due to the feedforward technique used, the
feedback technique problems will not show and low
power can be achieved.

2 Circuit description and analysis

The architecture of the quadrature LO driver
isshown in Fig. 1. Firstly ,the differential LO sg-
nasVIN + and VIN -
frequency amplifier ,which is followed by the sec
ond-order poly phase network to produce quadra
ture dgnals (VI+ ,VQ+ VI- VQ-). The quad
rature signals are sent to the proposed PMCC to
improve phase accuracy and reduce amplitude mis-

are amplified by the high

match of the adjacent branches. They make the
output LO signals (VO1,V02,V03,and VO4)
show the better quadrature accuracy and low am-
plitude mismatch.

2 1 High frequency amplif ier

Figure 2 shows the schematic diagram of the
high frequency amplifier. MA1 and MA2 are the

Vi+
VING VF+ | — VOI
vQ+
—J r— vO2
1 VI-
VIN- VE- T VoS
VQ- | Vo4
High frequency Poly phase PMCC
amplifier network

Fg.1 Architecture of quadrature L O driver

differential pairs to amplify the input sgnals (the
amplitudeis - 3dBm).L1 and L2 are the spiral in-
ductors that resonate with parastic capacitance at
1 15GHz. MB1 MB4 combine the output buffer
to drive thefirst stage of the poly phasefilter. Sm-
ulation results show that the high frequency ampli-
fier has a gain of about 15dB loaded with the poly
phase network.

% % [’RB%
LI L2 RB3 J -

VF- | _VF+

MB2[ MB4

Fig.2 Schematic of high frequency amplifier
2 2 Secondorder poly phase network

Figure 3 is the circuit to generate balanced
quadrature sgnals from differential input sgnals.
In a poly phase network ,in order to lower total
loss, the impedance of each successve stage is
made lager so that it lightly loads the previous
stage!® . Therefore,in this design, the high pole
(1L 2GH2z) condstingof Ru R and Cu
placed in the first stage, and the low pole
(L 1GHz) ,consstingof Rn  Rws and Ca Cu ,iS
placed in the second stage. Smulation shows the
cascaded loss is about 8 5dB. The poly phase net-
work is extremely sendtive to variationsin compo-
nent values;component mismatch will induce I/ Q
phase error in the poly phase network™’” . Thus

Cu is
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phase calibration is necessary with the outputs of
the poly phase network.

VE+ Cn Cy
Rl: Rzz VQP
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C]Z CZZ
W AL ViIN

Ci Ca
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GND G G

\ I\

Fig.3 Schematic of second-order poly phase network

2 3 Proposd I/ Q phase and magnitude calibration
circuit

Figure 4 shows the core schematic diagram of
the proposed PMCC. The same sze trandstors,
M1 ,M3,M5 ,and M7 act as source followers with
unit gain. M2, M4 ,M6,and M8 act as common
source amplifiers with the same sze and render the
ganB =- gme/ gm (g = Qs = QOms = Qw ,Gme =
gm = gm = gms). According to the superposition
principle, VO1=VIN -3 - VIPand VO2=VIP -
B - VIN.

The differential branches VIP and VIN (or
VQP and VQN) produced by the poly phase net-
work should be differential theoretically ,but their
phase diff erence may not be 180° due to component
mismatch. Assuming VIN = (A +A A) sin(wt +@)
and VIP = Asn(wt +11) ,where A A and @ denote
amplitude mismatch and phase error ,respectively ,
then VO1 and VO2 can be written as

VOl=(A +AA)sSnt +¢@) +BAsn(t)
VO2=Asnt +T1) +B (A +A A)sSn@t +@ +T1)
(1)

VB2 ﬁi—
vvéffffj{Mlg J%_;m%j:— NEVJ W Vo4
Felbaltal £

w i | |3 |3

Fig.4 Core schematic of phase and amplitude calibra-
tion circuit

Expanding and s mplifying the two equations,
VO1 and VO2 can be written as
VOl = BA + A +AA)cos@/2) Snt +@/2) +
(A +AA-BA)sSN@/2) cost +@/2)
VO2 = BA + A +PA A)cos@/2) SNt +@/ 2 +TT) +
BA +PAA - A)Sn@/2) cos@t +@/2 +TT)

IfB=1andA A=0,vO1 and VO2 can be sm-
plified to 2Acos(@/2) sin (Wt +¢®/2) and 2Acos(@/
2) snt+@/ 2 +1T) ,respectively. Generally @ <6°,
0 cos(@/2)= 1. In this case,the phase error is re-
duced to one half and amplitude is doubled.

The amplitude difference in differential bran-
chesis analyzed as follows:the amplitude of VO1
and VO2 can be written as

{|VOJJ = JBA)2 + (A+AA)2 + BA(A +AA) 0
IVOZ = JB(A+AA)? + A + BA(A +A A) 0%
(3)

Defining v = (| VO1| - | vO2|)/| V02| , Vv
denoting the relative amplitude difference with cal-
ibration by PMCC, Vv can be written as

(2)

BB 80+ A0 - B L1804 0y

(4)

BaAA) i80S wg

A
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Figure 5 shows the smulation results of Vv
when® =5°. It shows that the relative amplitude
difference Vv is much lower than the origina rela

tive amplitude differenceA_AA. When gainf increar

ses, vV will increase. In this desgn ,the parameters
of PMCC are regulated to control the gain of the com-
monr source amplifier within the range 1 < <2.

Fg.5 Smulated relative amplitude difference v with
¢=5

Defining the additional phase error as ¢, ac
cording to the expressons of VO1 and VO2 ,¢can
be written as

B +1+%8) c0si0/2)

$=tan " ( ) -

2 AA, AA
B A 1A g

G +1 +BATAA)cos((p/2)

) ()

tan ' (

Al Aa
BB s 1Al g

Figure 6 showsthe smulation resultsof ¢with@ =
5°. It shows that the additional phase error can be
negligible.

From the above analyss and smulation,the
following conclusonsfor the PMCC can be drawn.

(1) The amplitude mismatch of differential
branchesis about one tenth of the original value;

(2) The phase error is about half of the origi-
nal value;

(8) The induced phase error from PMCC is

AA

very small. In the expression of ¢,if A =5%@p =

5° andf =2 ,additional phase error ¢= 0;if AA=0,
phase difference is absolutely 180° between the dif-
ferential branches;

(4) Inthefour branches ,if any of the adjacent
branch pairs are quadrature after PMCC ,then all
adjacent branches will be quadrature through the
PM CC.

Fig.6 Smulated additional phase error ¢with@ =5°

3 Results

A worst case amulation is performed to verify
this desgn. In the worst case analysis,let the conr
ponent value increase 5% in one of symmetric
branches(Ru , G4, Rx and Cu of Fig.3) andin the
others (Riz, Gz, R and G of Fig.3) decrease 5%
(the component values of other symmetric bran-
ches change the same as above) . Figures 7 and 8
show the amplitude mismatch and phase error
curves ,respectively. As can be seen,with PMCC,
the maximum amplitude difference decrease from
0. 217 to O 0219dB and the maximum phase error
decreasesfrom 6. 26° to 2 6°.

This desgn has been implemented in a TSMC
Q 2% m CMOS process. The die photograph is shown
in Fg.9. Thechip areaisabout 1mm % 1mm. Fgure 10
shows the measured gain curves usng Agilent 8753ES
network anayzers. The measured maximum gain is a
bout 5 25dB at 1 1267 GHz. The measured two adja
cent branches output dgnals are shown in FHg. 11. An
overview of the measured dircuit performance is sum-
marized in Table 1.
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Fig.7 Smulated amplitude difference without (a) and
with PMCC (b) by Spectra RF

AC response

Phase(VI+)

PhaseEV8+)
Phase(VI-) Phase(VQ-)
Vi+

LvQr__ |96262

OF vI-
RS

-100f_VQ-

Angle/(°)

R

-200
1.10 1.15 1.20

fIGHz
(@)

AC response
Phase(VO4) Phase(VO3)
200 Phase(VO2) Phase(VO1)

VO4
100f
M“‘%—‘

VO3
OF vo2

Angle/(°)

B
92.609

-100F v
’_“-‘—_—‘—_g
-200

1.10 L.15 1.20

fIGHz
(b)

Fig.8 dImulated phase error without (a) and with
PMCC (b) with by Sectra RF
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Fig.10 Measured gain curves

S AR

Fig.11 Measured output signalsin two adjacent bran-

ches

Table 1 Measured circuit performances

Power supply 2.5V
Frequency range 1.1 1.2GHz
Power consumption 15mwW

Power gain 5.25dB @1.126 GHz

Phase error <2
A mplitude error <01%

Chip sze 1mm X 1mm
Technology 0. 291 m CMOS
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4 Conclusion

In this paper ,a feed-forward phase and ampli-
tude calibration technique is proposed ,with a cir-
cuit implemented and tested. The circuit is used to
calibrate the phase error and the amplitude mis
match of the input sgnals without degrading the
system stability and system rate. It has been used
in the quadrature LO driver to achieve a higher
phase accuracy and lower amplitude mismatch. The
smulation and measurement results show that the
proposed PMCC could reduce the phase error and
the amplitude mismatch of adjacent branches. In
addition ,the output buffer has been |e&ft out for the
strong load capability of the PMCC. This design
has been used in a DAB receiver. The lower power
characteristics of this desgn open prosperous per-
spectives towards the integration of this circuit in
low power RF transceiver systems.

(2

11 12GHz

(PMCCQ)

TSMC QO 2% m CMOS

(<2) (<0 1%)
6mA , 1 Ommx 21 Omm.
. CMOS; ; ; ;
EEACC: 1285; 1230; 1270D
. TN432 DA
* ( 160475018 ,60372021)
) ) CMOS
2005-01-25 ,2005-03-02
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