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~ Motivation EuMA

* Power budget prohibitive for mobile transmit/receive systems above
100 GHz, 6G

* Reduce power through
* Use of different semiconductors, heterogenous integration
* Architectural optimization in array scaling to target a different SNR
e Circuit techniques
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| 2 R\ f 7 : AN NER Power Estimate: P. Skrimponis et al., “Power

== — || K/ Consumption Analysis for Mobile MmWave and Sub-THz
Receivers,” in 2020 2nd 6G Wireless Summit (6G
SUMMIT), Mar. 2020, pp. 1-5. doi:
10.1109/6GSUMMIT49458.2020.9083793.
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Motivation EuMA

LO power dominates system power consumption

Conventional frequency multipliers are driven at maximum with a single saturating power
* Permanently sets performance for an architecture

Want dynamic trade-off between LO power requirement and system performance for highly
dynamic wireless channels

* Want a frequency multiplier that can handle a range of LO input powers
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.. Push-pull Frequency Doublers EuMA_

: . ¥ Conventional Doubler
* Input signal is rectified to produce an output waveform 9 Output
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I.(t) = Iy + Iicos(wt) + Ircos(2wt) + ... I,cos(nwt)

* Fourier series of output current:
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« [4 Output contains even harmonics (desired) input_ o
* Output also contains an additional DC current |, ‘ )
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.. Effect of Output on DC Bias

* Output waveform adds DC bias current by I,

* Transistor loses current density and gain at lower powers
e Change bias to compensate?
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European Microwave Association

e Requires a choice of bias

e =+ High gain sensitivity to input power
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.. Problem: Additional DC Current |, EuMA

* DC current sensitivity results in non-linear gain
* Extreme sensitivity to input power

v’
Gm 7:0 — Gfm,(IO + IQ)Ui

* Solutions:
* Operate at a single saturating LO power or
* Enforce current density to eliminate additional DC current |,
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Conventional Approaches EuMA

Static Bias Approach | @\3\ Current Tail Approach
? Output
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[Hung 2005] Input Bias (V)

Set an optimum input bias Vg, for an input power &4 Bias enforced with tail current source
»« No bias enforcement 4 Gain maintained across input power

»+ Gain changes with input power (high sensitivity) >« Higher power dissipation from current
>+ Limited output power when voltage is tuned for a source with higher loss

lower input power

J.-J. Hung, T. M. Hancock, and G. M. Rebeiz, “High-power high-efficiency U. Soylu, A. Alizadeh, M. Seo, and M. J. W. Rodwell, “280-GHz Frequency
) SiGe Ku- and Ka-band balanced frequency doublers,” IEEE Transactions on Multiplier Chains in 250-nm InP HBT Technology,” IEEE Journal of Solid-State
‘*‘ EUROPEAN wicrowave Theory and Techniques, vol. 53, no. 2, pp. 754-761, Feb. 2005, Circuits, vol. 58, no. 9, pp. 2421-2429, Sep. 2023, doi:
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* Q1/Q2: Main push-pull doubler
* Q3 provides

 Amplification
e Suppression of Miller Effect
* Biasing

* Feedback resistor R.; adapts
bias to resist additional current
caused by input power changes
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DC Bias: Suppress Current Change ~ EWMA

Equivalent DC Model

* Q1 and Q2 shorted at DC: treat as combined Q12

* Assumptions:
Vps = Voo — 252 Rps VBEs = VBEi2

Ios =~ Ic12
* Bias current is ultimately set by VCC, resistances, and 3 R

Tew = Buo Vs —2Vpe Voo —2VpE o=
Rrp Rpp //612 - RB?)//63 Ionppeur;c ;St DC

* Current change suppressed by negative feedback on Vg
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Effect of Feedback on DC Bias EuMA_

* DC bias is constant
* Transistor current density is maintained across power range
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* Bias maintained across input powers

b4 Less gain sensitivity leading to control of output power

b4 Delivers same maximum output power as a tuned static bias for each input power
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_ Measured Gain Over Input Power ~ E2MA.

* Adaptive bias feedback technique reduces input power sensitivity
* Demonstrated 13 dB input power range where gain is within 3 dB

Simulated Comparison: Static vs. Feedback Bias (210 GHz) Measured Gain vs. Input Power
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e 3-dB bandwidth of 48 GHz

* Adaptive bias feedback works across frequency

Measured Gain vs. Frequency for an Input Power

Conversion Gain (dB)

— -12 dBm K\
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Measurement Setup EuMA

* Multiple setups used to cover entire frequency band

W-band Setup D-band Setup

Input: 75 GHz — 110 GHz Input: 110 GHz — 170 GHz

(Power controlled by signal generator power level) (Power controlled by variable attenuator)
Output: 170 GHz — 260 GHz Output: 170 GHz — 260 GHz

WR6 Extender N5277A 86736 WR6 Extender
x12 VNA Frequency Gen. x12

N5183B N5277A ADPA7005 WR8.0X3HP
Signal Generator VNA Amplifier X3 Multiplier

MiWave 511D

I Variable Atten. I | I
mpllfler WR4.3SHM U3UB
VDI 130AMPS Probe Probe Mixer

Attenuator

| GGB WR10 |

Isolator Attenuator
WR10 |
AN y4

DUT N9030B

SA

GGB WRé6 GGB WR4

Isolator Attenuator
WRé

DUT

VDI AMC335 WR4.3SHM
X8 Multiplier Probe Mixer
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EmlpEUMA

opean Microwave Association

.. Measurement Setup: Calibration

Input with power meter (Map power setting to input power)

Instrument Instrument Isolator . PM5
Source Multiplier I - I Power Detector W-band (75 GHZ - 110 GHZ)

Source Multiplier Attenuator Power Detector

I Instrument _I Instrument Variable Isolator I_E_ PM5 D_band (110 GHz-170 GHz)

2. Down-conversion at output frequencies with spectrum analyzer

Instrument Instrument - PM5
Source Multiplier = Power Detector G_band (170 GHZ i 260 GHZ)

Instrument Instrument - Spectrum
I Source -| Multiplier T®_ Analyzer G'band (170 GHZ - 260 GHZ)

3 . P rO b e I OSS Back-to-back Probes

» With Thru on chip

Instrument _|Instrumenl I_ Isolator E —E— PM5
— s Multipli . % g = | Power Detect W-band, D-band, G-band
@}v\e 3 EUROPEAN ource ultiplier : . ower Detector ) )
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Conversion Gain (dB)
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* Adaptive bias feedback eliminates additional DC current created by
output waveform

* P,c is held constant by feedback bias

Measured Power Consumption vs. Output Power

4+ —— 190 GHz * Measured
230 GHz
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. Saturated Output Power EuMA

* Demonstrated > -3.3 dBm from 170 GHz to 260 GHz.
* Maximum 5.8 dBm at 206 GHz with 18 dBm of input power.

Highest Demonstrated Output Power with Instrument Input Power
21
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EuMA

European Microwave Association

* 170-260 GHz SiGe Frequency Doubler with Adaptive Bias Feedback
* 90-nm SiGe BiCMOS (Global Foundries 9HP+)

-t » v v E]

* Very compact!

* 0.095 mMm x 0.135 mm
e Without pads
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Comparison and Conclusion

* Adaptive bias feedback (one resistor) enables large input power range
* No penalty to area, power consumption, or output power

Enables dynamic system performance
e Use varying LO power in an adaptive transceiver for different performance conditions

| —

Ref. This Work [6] [7] B 0] [10]

Technology

90-nm Si1Ge
BiCMOS

55-nm SiGe
BiCMOS

130-nm SiGe
BiCMOS

130-nm SiGe
BiCMOS

90-nm SiGe
BiCMOS

45-nm SOI
CMOS

Type

Doubler +
Amplifier

Doubler +
Amplifier

Doubler +
Amplifier

Doubler

Doubler

Doubler

Output Frequency (GHz)

206

245

152

204

228

150

BW34 (GHz)

170-218 #

220-260

138-170

165-230

200-245

135-160

Peak Gain (dB)

2.0°%

10.9

4.9

-8.6

-15

-3

Pgt (dBm)

5.8

5.5

5.6

-2.6

2

3.5

Ppc (mW)

53

240

36

39

35

25

Efficiency (%)

7.2

9.5

10.9

1.4

4.5

9.0

Area (mm?)

0.0137, 0.074

0.253

0.485

0.090

0.246

0.441

3-dB Gain Input Range (dB) 13.0°% 6" 9 >7 >6 11"

" Estimated from plot. © Area without pads. ¥ Lower end limited by G-band measurement, with 12 dBm input. ¥ At 190 GHz.
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