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RF Wireless power transfer

Target application
I Implanted devices can significantly improves human health care.

I Those devices need to be miniaturized and wirelessly powered.
I Using an inductive link is a solution to replace batteries.
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Power (primary): 25 dBm
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RF Power amplifier
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RF Power amplifier
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Specifications:
Frequency 990 MHz

Power 25 dBm
PA load 1.8+j57.8

Efficiency Maximize
Integration level Minimize number of external components
Configurability Power level can be adjusted
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RF Topology
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RF Model
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RF Sizing the transistors
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RF Impedance transformation network
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
Re 1.8 Ω Rsopt 6.1 Ω
Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
VH 9 V 7 Cs 5.9 pF

2 Rp 128.1 Ω Ca 3.8 pF
3 b 7.8 nF/m Cb 4.9 pF

1. Define the specifications and constraints.
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
Re 1.8 Ω Rsopt 6.1 Ω
Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
VH 9 V 7 Cs 5.9 pF

2 Rp 128.1 Ω Ca 3.8 pF
3 b 7.8 nF/m Cb 4.9 pF

2. Calculate the value of Rp:

Rp =
V2

H

2PRs(1)
.
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
Re 1.8 Ω Rsopt 6.1 Ω
Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
VH 9 V 7 Cs 5.9 pF

2 Rp 128.1 Ω Ca 3.8 pF
3 b 7.8 nF/m Cb 4.9 pF

3. Obtain from simulation the PMOS and NMOS gate
capacitance parameter.
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
Re 1.8 Ω Rsopt 6.1 Ω
Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
VH 9 V 7 Cs 5.9 pF

2 Rp 128.1 Ω Ca 3.8 pF
3 b 7.8 nF/m Cb 4.9 pF

4. Also obtain the PMOS and NMOS equivalent resistance
parameter, assuming an initial value for Vdsp,n.
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RF Design Methodology
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
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Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
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6. Find |Vdsp| = Iorop and Vdsn = Ioron.
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RF Design Methodology

1 PRs(1) 316 mW 4 a 4.3 mΩ.m
fo 990 MHz 5 Wopt 3.9 mm
Re 1.8 Ω Rsopt 6.1 Ω
Le 9.3 nH 6 |Vdsp| 220 mV
Vdd 1.8 V Vdsn 54 mV
VH 9 V 7 Cs 5.9 pF

2 Rp 128.1 Ω Ca 3.8 pF
3 b 7.8 nF/m Cb 4.9 pF

7. Calculate the capacitances Ca, Cb and Cs:

Ca=
1

ωo
(
ωoLe −

√
Re(Rp − Re)

) Cb=
1

ωoRp

(√
Rp

Re
− 1−

√
Rp

Rs
− 1

)

Cs =
1

ωo
√

Rs(Rp − Rs)
Slide 8



RF Circuit implementation
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RF Layout

Die size: 2.25 mm2

PA area: 1.5 mm2
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RF Simulation results
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RF Simulated power and efficiency
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RF Summary of the PA designed

Technology CMOS 180 nm
Frequency 990 MHz

Power 25.1 dBm
Efficiency 58%
PA load 1.8+j57.8

Area 1.5 mm2

Integration level High: only two external capacitors.
Configurability Digitally controlled from 3dBm to 25dBm
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RF Preliminary test
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RF Conclusions

I A power amplifier was designed to drive an inductive link
operating at 990 MHz. The PA is integrated in an IBM CMOS
180 nm process and occupies a silicon area of 1.5 mm2.

I The class-D topology was chosen looking for high efficiency,
while achieving high degree of integration.

I A design methodology is proposed to find the optimal width of
the MOS transistors used as switches.

I The PA was divided into 15 unit cells allowing the individual
enabling or disabling of each cell, in that way the output power
can be digitally controlled.

I Post-layout simulations of the PA show that the maximum output
power is 25.1 dBm with an efficiency of 58%.
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