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Background & Motivation

High quality + low cost
1,Q Signal Generator

g Communication devices A
- cellular, wireless LAN, blue-tooth, low IF
9 transmitter/receiver (use |,Q signal) |
(" | Important!
1,Q signal generator is desirec
- communication IC testing (receiver)
.
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Approach:
|,Q Signal Generation Architecture

@ DSP + Nyquist
- 2 Nyquist DACs
- 2 analog filters

@ DSP + Real AT
Digital - 2 real BP AZ DACs
\ - 2 analog filters

@ DSP + Complex AZ
1 complex BP AX DACs

1 analog complex filter
Digital rich
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Why Delta-Sigma (AX) Modulator?

* Only simple analog circuit

 Easy to design in digital ,, _ — vy
— High speed Y =Y
— Low power consumption
— Low cost Q0

 Easy to configure N [y i Wiy ELE

— programmable
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What is complex number?

¢ >
Real number 1 Real, Re
- I;,(n), Qip(n) =1, (), Qpyye(M)
£
§A 1,2 1+j2
< —
o S
gl
. >
Real, Re
Complex number

- Iijp(n) + jQip(n) =1 gyt (M) + jQoye (M)

| - In phase (real) , Q - In Quadrature (imaginary)
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Filtering
Real I Iin IOlLt
Bandpass
Digital ’=0 = dril Digital ' Complex | Analog
Input p—— Input Bandpass | oytput
PUL o oo Output 6 =90° Filter
Real
Bandpass >
mn out it

Al

Fs Fs
] o IF -

more filtering stage € -2 less filtering stage

Page 10



The 5“Electrical Eng. Symposium, Utsunomiya

Real & Complex

Power Power

A A
In band In band

signal

— signal
Quazt:izsaetio\%\é{ f bandwidth Quarr\‘i‘::izsa:ion \?7/ f
ST VL s Vo1
2 2 2 2

Real Complex
Analog |
—yf el bzrzld e m band pass [==> Power. —)( 1 > il ey
Digital | &J Analog consumption Digital complex complex Analog
input ( valo \ output input | band pass band pass | output
real band pass DAC il pagss 5 b A " filter _—
= filter Cost — |

Digital | Analog Digital | Analog




Tte 5 Electnical Eng. Symposium, Utsuncmiya

Complex Band pass Filter
B

Frequency response

out HZ)|

H (Z) — 1 - _1—8.5 —014 —013 —0i2 —0j1 6 0‘.1 O.FO.3 0‘.4 05
7 — (ﬁ -|—]a) Fin/Fs
Transfer function
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Frequency Response

Case: negative Case: positive
{ [;n(t) = cos(2mfot) e—J2mfot {Iin(t) = cos(2mf,t) _ ei27f ot
Qin(t) = —sin(2xmf,t) Qin(t) = sin(2nf,t)

filter filter

4

EI Ael2mfot
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1storder Complex Band Pass
AY DA Modulator

’—------N

N
H(z)
@ Oversampling Y(2) = X(2) + E(2)
. : 1+ H(z) 1+ H(z)
@ Noise-shaping H(z) > ,STF=1 H(z) - ©,NTF =0
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15t order Complex Bandpass AX
Output Spectrum

Level, dB
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2"d order Complex Bandpass AZ
Output Spectrum

Output
T

Level, dB
o
o

-120r

—140r
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Complex Multi-Band pass Filter

Frequency response

N N -

1
@)= B+

Transfer function




Tte 5 Electnical Eng. Symposium, Utsuncmiya

Frequency Response

Frequency response Case: n=2

{I,-n(t) = cos(2nf,t) + cos(2mft)
] Qi (t) = sin(2rf ,t) + sin(2nrft)
. ! .

L } f. filter

_;0(;7 0.18 O.ZS 03 0‘.4 .0'5 0.6‘8 0.7SW.91. AO ejznfot + Ale‘lznflt

n-stages
(Iin(t) = cos(2mf,t) + cos(2mft) + cos(2mf,t) + ...cos(2mf ,t)
Qi (V) = sin(2wf,t) + sin(2uft) + sin(2uf,t) + ... sin(2wf ,t)

|
| | | filter
1 5 9 13 ] v
. RFS I_GFS/ 1_6Fs RFs/w . . . .
% o1 02 o3 os Fig./st'ois 07 08 08 1 I AOeJZTl'fot + Ale]ZTl'flt + Aze]Zﬂfzt_'_"._'_Ane]ZT[fnt I
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2"dorder Complex Multi-Band Pass
AY DA Modulator
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Complex Multi-Bandpass(1)

Output

Output

N=2

‘ .n band signal ‘ o0 b In band signal _______ _______ ]
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Positive & Negative

Output
T

| ; | ; — Positive IF
g | ‘ —Negative IF

_60 L

Level, dB
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Fin/Fs
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Real versus Complex

O oO.1 0.2 0.3 0.4 0.5
Fin/Fs
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Level, dB

SNR Level, dB
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Real versus Complex(2)

SNR

'G'Complex BP

""Real BP

Decrement
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—— SNR
I Decrement

~ [>10dB] 0=t

—n=2

—+n=4
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Conclusion
* Real & complex AX modulator
— Digital rich
— SNR = Complex BP A > Real BP AZ

Suitable for a high quality, low cost for I,Q
signals generation

« Complex multi-bandpass AX modulator
— lower SNR compare to single tone

Suitable for a high quality, low cost multi-
tone |,Q signals generation
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Thank you very much




