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Why 60 GHZz?

A 1 632C5Hz |€— 2.16GHz —p|

58.32GHz 60.48GHz 62.64GHz 64.8GHz
7 GHz of unlicensed bandwidth

>

* Unlicensed 60 GHz ISM band
« Standards: IEEE 802.11ad, WiGig, WirelessHD

« 1.6 GHz channel bandwidth
— High data rate (> 4 Gb/s)

*|EEE 802.15.3c
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Oxygen Absorption
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« High attenuation in the air

LA

Path loss 68 dB/m
Short distance transmission (10 m)
Frequency re-usability
High security

* RF Cafe: http://rfcafe.com
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60 GHz Applications

\
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Instant Wireless SYI'IC Peer to-Peer Kiosk Sync & Data Exchange
- IP-based P2P applications -
- Using 1I/O PAL ' E—é_, ,

Wireless Display
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Wireless Display

- HD streams over HDMI
or DP using A/V PAL

- CE, PE and HH usages

Cordless Computing

- Combination of Wireless
display using A/V PAL, sync
and I/0 using 1/0 PAL

Wi-Fi

Internet Access

- Using native Wi-Fi, %, *—-"""/‘ T
802.11ad support %{

\.

* WiGig: http://wirelessgigabitalliance.org/
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CMOS Technology Scaling
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Available gain increases with technology scaling
Process variation more serious in deep-scaled regime

Device characteristics vary with process corners

— 55% V,, variation
— 20% capacitance (fringe, junction, overlap) variation
Low performance yield
—_Self-healing to overcome process and environmental variations

0.28 —

0.30
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Self-Healing Transmitter

| LPE _Mixers = VO/A (—E2——| This work
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TX BB Processing ¢ Parameter Estimator, Self-Healing Controller

TX Eront-End Gain PA Gain Flat Overall Gain

Pout Pout
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Self-Healing Flow

Swept power fed into the PA

v

Pwr. det. senses the P

out

New knob signals sent to
the PA

SHC resolves the gain profile

Meet specs?

Self-healed

SHC provides new knobs
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Active Device Modeling

Parasitic Extraction

odified model

Calibre

e

S G
EM tools (Momentum, HFSS)
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Passive Device Desigh and Modeling
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Circuit Schematic

Phase compensation

LR AT

Transformer-coupled

— compact impedance matching, DC biasing, balun

Differential design

Class-AB operation

3 control knobs in local amplitude compensation
Capacitive phase compensation
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Amplitude Compensation Scheme

Voo rs
»  Control knobs: Vg,, ENBgg, Vpp s M/
e Low DC power dissipation (1% From PA —1 —
overhead) output
« Small area overhead (0.5%)
C,— L yMs
g T e
BandW|dth:W — 2GHZ V -
FB FB FB - WwW—\/
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Effects of Control Knobs

. A Ve :
Gain Gaing
ENBgg
> > >
Pout Pout Pout
* Vg, changes the small signal *  Vpp rgChanges the *  ENBggchanges the
gain power where the feedback feedback factor

loop turns on
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Phase Compensation
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AM-PM: signal-dependent transistor parameters
Cgyn varies by 110 fF from 0.2 V10 0.6 V
PMOS : proper size and bias
Overall C,, + C, variation is 20 fF
Vp: control knob
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PA Test-Chip Measurement
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PA Gain Profile Measurement

11
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6 Gain with loop
S T
A Gain without loop
4 1 1
-15 -10 -5 0 5 10 15
Pout (dBm)
« Gain: 9dB

« Py4s IS extended by 5.5 dB with the feedback loop
« 0.6 dB gain expansion
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PA Large-Signal Measurements

Gain (dB), PAE (%), Pout (dBm)
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Back-off PAE improves by 1~3%
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PA SP and Phase Measurements

S-parameters (dB) & K factor

Freauency (GHZz1

S21:10 dB @ 60 GHz

3-dB bandwidth: 7 GHz (55.5 GHz
to 62.5 GHz)

Both input/output match around 57
GHz

Normalized S21 phase

(deg)

= with phase compensation
without phase compensation

-25 -20
Input power (dBm)

-15

AM-PM improves from 1.7° to 0.4°
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PA Power and IP3 Measurements

Power (dBm)
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P> 10 dBm from 52 GHz to
63 GHz

Pigg > 9.7 dBm from 52 GHz to
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Two input tones: 59 GHz,
59.1 GHz

OIP3: 20.4 dBm
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PA Knob Tuning Measurements
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PA 4-Chip Variation Measurements

12 - 12 ¢
10 b Anade o ol | § W
T =
=5 I Noknob tuning £ 0 F With knob tuning
=%t O 4r : : : :
5 L ¢ chipl wchip2 achip3 1 chip4 5 k ¢ chipl wchip2 achip3 +chip4d
0 0 - - ‘
10 0 10 20 -10 0 10 20
Pout (dBm) Pout (dBm)

« Demonstrate global self-healing concept
* Tuning order Vg, 2 Vpp g 2 ENBgg
« Gain variation of 4 chips: reduced from 22% to 2%
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PA Performance Comparison

This [1] 2] [3] [4] [5]
work ISSCC | RFIC RFIC ISSCC | RFIC
09 09 10 10 10

Technology (nm) 65 65 90 65 65 65
Vpp (V) 1 1 1 1.2 1.2 1
Gain (dB) 9.4 15.8 10 13.7 14.3 30
P, (dBm) 14.9 11.5 12.6 14.2 16.6 10.6
P45 (dBmM) 13.7 2.5 8.8 12.2 11 6.8
Peak PAE (%) 16.2 11 6.9 8.4 4.9 18
Area (mm?) 0.04 0.05 0.64 * 1.2* 0.46 * 0.05
PAE @ P,45 (%) 13.5 5 4 n/a 3 7.7
Phase Yes No No No No No
compensation
Pooi-Pias 1.2 9 3.8 2 5.6 3.8

* Including pads

* power combining

LA High-Speed Electronics Laboratory
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Conclusion

Demonstrated a 60 GHz CMOS power amplifier with an
output power of 14.85 dBm, P, g of 13.7 dBm and PAE
of 16% with a compact area of 0.042 mm?

Introduced on-chip amplitude and phase compensations
to improve AM-AM and AM-PM

Paved the way for an integrated self-healing transmitter
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Thank you for your time!
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