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1. Multi-channel Transmitters

2. Ultra-Wideband Transmitters
a. Beam hopping and time slicing satellite communications
b. 5G waveforms
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MATHEMATICAL FORMULATION AND PICTORIAL DEPICTIONS

|Q IMPAIRMENTS \Companent
Modulated Baseband signal 1
Ym () = yi(6) + jyq (©) (1)
Translated to RF
irans(0) = really (et} () <] |
I-component Frequency Domain representation of I-coFrcnponent
y; (t) = x;(t) cos(w,t) 3) depicting an even-mode
Substitution and manipulation  Y;(w) = F{y;(t)} = F{x;(t)} * F{cos(w,t)}

= X;(w) Y;(w) (4)
_ Xi(w)

— % [6(w —w,.) + (W + w,)]

{echt+e—cht}
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MATHEMATICAL FORMULATION AND PICTORIAL DEPICTIONS 1Q

Q-Component

IMPAIRMENTS CONT. A

Q-component

Yq(t) = —x4(6) sin(w,t) (5) < | - .

-Fc Baseband

Substitution and manipulation

Yq(W) = F{xq(t)} * F{— sin Wct} Frequency Domain representation of Q-
e—iwct_gjwct component depicting an odd-mode
= X, (W) * F{ } 6)

2]
=2 rs(w —w,) — 8w+ w,)]

2]
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MATHEMATICAL FORMULATION AND PICTORIAL DEPICTIONS 1Q
IMPAIRMENTS CONT.

Rewriting the translation equation

Ideal Direct-Conversion
y (t) = Ym(t) e IWiot Ym () eiwiot (7)1
trans 2 2

Assuming, Y., (w) = Y, (w)

Ytrans((W)) T

Y,,(w

= o [8(w + wio) + 8w —wip)] (8) gty s |
-Fc+LO Fe+lO

Adding | and Q to translation Ideal direction conversion with baseband offset

VW) = T2 s [S(w — we) + 8w+ we)] +722 + [8(w — we) — 8(w + w,)] 9)
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IMATHEMATICAL FORMULATION AND PICTORIAL DEPICTIONS 1Q
IMPAIRMENTS CONT. S
Combining everything

I-comp

XL(W) + Xq (W)

Yirans (w) = * §(w — Wc)

X; (W) - Xq (W)
4
* [S(w +wpp) + 6(w —wy,)].
Wanted Signal
X; (W) + Xq (W)
4

*S(w+w.)  (10) : Q

*S(w—w.) (11)

Vector relationship of /Q Components
Image Signal
X; (W) —X q (W)

y *S(w+we) (12 Aq‘DIRECT
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IMPACT ON IMAGE-SUPPRESSION ON COMMUNICATION SYSTEMS

Non-Ideal Direct-Conversion

CIR
L SNR

1 |

LO
Non-ideal direct conversion

A

A
v

Degradation of signal

1 1 —
CNIR = 10logy0(( SNRinput + CNIRimage) 1) (13)
10 10 10 10

Rule of thumb: Keep CIR 15 dB below target SNR value
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Frequency Impact on 1Q imbalances

MODULATOR
L,(f)
Frequency Dependent Amplitude Imbalance = @
leb (W) = LI (W) /LQ (W) (14) N A imb COS (WIO+9 imb) + RF
DAC > CD——D
Frequency Dependent Phase Imbalance /] L) sin(wyo)
Q
0 delay = Whaseband | delay (15) X

Total Amplitude Imbalance . . , o ,
Typical direct conversion transmitter implementation

GimpW) = Lip (W) * A 110p (16) with amplitude and phase imbalance.

Total Phase Imbalance
Dimp (W) = LLip(W) + 0 jmp + 6 delay (17)
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Corrective Topology Time Domain

(14
Imbalance Compensation ol i (Xj Vi com ()
Yiecorr(t) = afy;(t) + By ()} (18) B
Mostly Amplitude Compensation
a =1+ A4 imp)cos(8 jmp) (19)
yq(t) » yq—coﬁ'(t)

Phase Compensation
Wideband corrective topology for phase and amplitude

imbalances for direct conversion transmitter

p = sin(0 imp) (20)
AiD IRECT
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Corrective Topology Time Domain

Family of Constant Slope FIR Filters
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Constant slope FIR filter for frequency dependent
imbalance correction.

%1072 Time Delay Imbalance affect on baseband phase imbalance
6 | | i | o Pt
"
/"‘
. t
5 "o’ — ps
a.w" e
€4 i -~ -2 ps
o -
= P
E J"'
E= g =
w 3 "’O’ 5 ™ - -
g ra -
® e e
= 2 - o
o P -
"‘ - - =
- =
"‘ - L 3
1 f,f | -
-~ -
O" - - 2
i s
0 - T T 1
0 0.5 1 1.5 2 2.5 3
Frequency (Hz) <108

Phase imbalance over baseband frequency as a
result of time delay imbalance

A‘iolnscr



2018

Electronic Design Innovation
Conference & Exhibition

Adaptive Blind ESTIMATION IQ IMPAIRMENTS

MODULATOR IMRR Relation to Phase/Gain Imbalances
Li(f)
\
-40 -
\ A impCOS (WID+6 imb )(.‘\ RF —
DAC > - s 0 lD & 60 -
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x
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Direct conversion transmitter with
generic feedback path for adaptive
correction

IMRR as function of phase and
amplitude imbalance
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Adaptive Blind ESTIMATION IQ IMPAIRMENTS

1

Even and Odd properties of I/Q components
T T T T

Orthogonality | /!
l Y %
Error = f_ll(t)Q(t)dt, (21) g o0 \ ’,'
£ \ ’
Orthogonal error accumulation o
A - ! - e - -
Dimb-new = Dimb-ota + Aphasel (£)Qcorr1(t) (22) A
Plot of sin and cos function to
Amplitude error accumulation illustrate even and odd properties.
Gimb—new = Gimb—old + Again [I(t)z - Qcorrz (t)z] (23)
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Adaptive Blind ESTIMATION IQ IMPAIRMENTS

s

Orthogonality correction update

Qeorr1 (t) = Q(t) — Q)imb—newl(t) (24) < >

Gain correction update

v

Qcorr2(t) = Gimb-newQcorr1(t).  (25)  Vector relationship of I/Q Components

A‘iDlnEcr
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Experimental Results

s Amplitude Imbalance correction
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Experimental Results
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Summary

Mathematically derived root cause of image

Explored implications on image suppression in communications

Identified frequency compensation methods for phase/gain imbalance

Blind estimation and compensation methods for dynamic systems presented

Experimental results for frequency and dynamic compensation methods presented
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Future Work

1. Further exploration of different imbalance estimation methods

2. Compensation methods in frequency domain
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Additional slides
Linearity of estimation methods
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Additional slides
Linearity of estimation methods Cont.
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Additional Slides
Corrective Topology Frequency Domain

a
Vi (t) Yi-corr (t)

B Wideband corrective topology for
phase and amplitude imbalances for
direct conversion transmitter

yq(t) + yq—coﬁ'(t)

Fourier Transform of corrective domain structure

Yi—corrW) = Yi_corr(t) = aF{y;(£)} + aﬁF{Yq (t)} (26)
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Additional Slides

Corrective Topology Frequency Domain Cont.
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Frequency selective corrective topology for phase and amplitude
imbalances for direct conversion transmitter
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