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Software Defined Radio (SDR) / 4
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SDR Requirement 5
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*A reconfigurable wide band, high resolution ADC
*Smaller size, lower power
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ADC performance 6
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AY ADC is a hopeful solution for SDR
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Design target

(Smaller FoM is better)

TOKyO TIECH
Bandwidth 10MHz (Final: configurable)
Sampling frequency 320MHz
Resolution 75dB (Final: configurable)
Input range 1.6V diff
Supply voltage 1.2V
Power consumption ~8mW (Final: configurable)
Area ~0.5 mm?
Process 90nm CMOS process
Figure of Merit <100fJ/conv

A reconfigurable wide band, high resolution ADC will be developed in
the future, and not be told in this presentation.
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AY. modulator architecture 8
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Conventional OPAMP 9
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Proposed OPAMP 10
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*A rail-to-rail, high power-efficient opamp

*Using SC level shifter in continuous-time integrator
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Merit of SC-level shifter (SCLS) 11
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Noise consideration 12
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OPAMP comparison (power) 13
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Telescopic | Folded—cascode | 2—stage (conv.) | Proposed
Supply voltage [V] 1.2
|_oad 5.2pF//3.75k Q2
DC Gain [dB] 36 37 51 55
Gain bandwidth [MHz] 700
Phase margin [deg] 85 69.8 60 68
Qutput Swing [V 0.7 1 1.2 1.2
1.8 t

Power consumption [mW]

The proposed OPAMP consumes lowest power,
save at least 30% power when compared with
the conventional 2-stage OPAMP
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OPAMP comparison (noise) 14
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Telescopic | Folded—cascode | 2—stage (conv.) | Proposed
Supply voltage [V] 1.2
| oad 5.2pF//3.75k Q2
DC Gain [dB] 22 22 51 55
Gain bandwidth LMHZJ 100 110 420 700
Input referred noise
@1MHz [nV/sqrt(Hz)] 7o 93 & 38
Power consumption [mW] 0.8 0.8 0.8 0.8
- 0.8 1 1
) FOM noise (COﬂV.)
{FOM g (Proposed)

The proposed OPAMP shows the best noise
performance, down to at least 25% when compared
with the conventional 2-stage OPAMP
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Modulator architecture 16
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— Relax OPAMP output swing
— Anti-alias characteristic
 Demerit
— Need summing circuit before the ADC
—Be shifted by applying the technique in [3]
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ADC/DAC architecture 17
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DEM (Dynamic element matching) 18
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Merit: Better DAC linearity performance
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Proposed 1-element shifting DEM
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Simulation result 20
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SIM condition
- All blocks in transistor level

. : . Confirmed in small
- Without noise because of huge SIM time

level with some

- Without mismatch (SIM time) Ideal blocks
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Modulator layout 21
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Layout core size : 900 um x 480 um
(90nm CMOS process)
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Modulator performance 22
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Bandwidth 10MHz

Sampling frequency 320MHz
Resolution (simulation) 77.9dB

Input range 1.6V diff

Supply voltage 1.2V
Power consumption (simulation) 8.1mwW
Area 0.9 x 0.48 mm?
Process 90nm CMOS process
FoM (simulation) 62fJ/conv

According to the proposed low power, low
noise OPAMP, good FoM is estimated.
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Performance comparison (1) 23
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SNDR| Power FoM BW Fs Supply Reference
[dB] | [mW] {[pJ/conv]{ [MHZz] [MHz] [V]
17 8.1 0.07 10 320 1.2 This work (SIM)
14 20 0.12 20 640 1.2 ISSCC 2006 3.1
12 28 0.22 20 420 1.2 ISSCC 2008 27.5
66 7.5 0.23 10 600 1.8 ISCAS 2006
62.5 | 5.32 0.24 10 300 1.1 VLSI 2009
60 10.5 0.32 20 250 1.3 ISSCC 2009 9.7
718.1 87 | 0.33 20 900 1.9 ISSCC 2009 9.5
68.8 | 426 § 0.41 23 2176 1.8 ISSCC 2005 276
79 75 1 043 | 12 240 2.5 ISSCC 2003 23.6
82 100 § 0.49 10 640 1.8 ISSCC 2008 27.6
69 56 { 0.61 ] 20 340 1.2 ISSCC 2007 13.1

Power

FOM (pj/conv) = >

ENOB

x 2 x signalband

(Smaller FoM is better)
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Performance comparison (2)
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Conclusion 25
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* A low power, low noise OPAMP Is
proposed.

« A 10MHz BW AX ADC is designed for
Software Defined Radio in 90nm
CMOS process.

e Simulation results obtain 77.9dB
SNDR at 8.1mW power consumption.
According to proposed low power, low
noise OPAMP, best FoM at 62fJ/conv
IS expected.
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