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ǿǿǿΦ/ƛǊŎǳƛǘ{ŜŜŘΦŎƻƳ

/ƛC9¢ϰ ƛwŀǘƛƻ

/ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

/ƛC9¢ϰ CiLNAϰ ϧ {ǳǇŜǊ-{ŜƴǎƻǊ /ƛ¢L!ϰ

/ƛC9¢ϰ {ƻƳŜ !ǇǇƭƛŎŀǘƛƻƴ 9ȄŀƳǇƭŜǎ

/ƭƛŎƪ aŜƴǳ

/ƛC9¢ϰ {ǘǊǳŎǘǳǊŜ ϧ hǇŜǊŀǘƛƴƎ tǊƛƴŎƛǇƭŜǎ

/ƛC9¢ϰ ±ƻƭǘŀƎŜ !ƳǇƭƛŦƛŜǊǎ

bh¢9ΥCƻǊ ŎƻƴǎƛǎǘŜƴŎȅΣ Ƴƻǎǘ ǊŜǎǳƭǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŀ мулƴƳκмолƴƳ 9Y± ǎƛƳǳƭŀǘƛƻƴ ƳƻŘŜƭΦ
!ǎ ǇǊƻŎŜǎǎ ǎƘǊƛƴƪǎΣ ǇŜǊŦƻǊƳŀƴŎŜ ǎŎŀƭŜǎ ǿƛǘƘ ƭƻƎƛŎ ǎǇŜŜŘΦ



о/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

¢ƘŜ /ƛC9¢ϰ ƛǎ ŀ ǳƴƛǉǳŜ ƴŜǿ ƭƻƎƛŎ ŘŜǾƛŎŜ ǘƘŀǘ ǇŜǊŦƻǊƳǎ ƳǳƭǘƛǇƭŜ ƘƛƎƘ-quality analog circuit 
functions simultaneously from a single fusion FET device.

¢ƘŜ /ƛC9¢ϰ ƛǎ ƴŜǿ ƭƻƻƪ ŀǘ ŀƴŀƭƻƎ L/ ǘǊŀƴǎƛǎǘƻǊǎ ǿƘƛŎƘ ǇŜǊƳƛǘ ƭƛƴŜŀǊ ŎƛǊŎǳƛǘǊȅ ǘƻ ōŜ ǘƛƎƘǘƭȅ 
coupled to microprocessors, DSP, and logic within the same digital chip.  This is realized in 
any existing or evolving nanoscale IC process node (including 100% digital IC processes) 
without process extensions or modification to enable superior fully-integrated analog 
functionality.

¢ƘŜ /ƛC9¢ϰ ŜƴŀōƭŜǎ ŀ ƴŜǿ ǇƻǊǘŀōƭŜ ŦŀƳƛƭȅ ƻŦ ōǳƛƭŘƛƴƎ ōƭƻŎƪ ŎƛǊŎǳƛǘ ŘŜǎƛƎƴǎ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ 
analog signals in an all digital domain -- based on a new Field Effect channel fusion for fully 
integrating analog functionality with unique properties while eliminating separate analog 
chips and external components on the circuit board.  Noise is markedly reduced and 
sensitives considerably increased.  

/ƛC9¢ϰ ŘŜǎƛƎƴǎ ǳǎŜ млл҈ ŘƛƎƛǘŀƭ L/ ǘǊŀƴǎƛǎǘƻǊ ŎƘŀƴƴŜƭǎ ǘƻ ƻǾŜǊŎƻƳŜ Ƴŀƴȅ ǘǊŀŘƛǘƛƻƴŀƭ ŀƴŀƭƻƎ 
restrictions including parametric, leakage current and temperature sensitivities, need for 
precision or matched transistors and current mirrors, while providing ultra-linear response 
over an extended dynamic range along with the capability of operating at low supply 
voltages below 800mV with low power consumption at any threshold voltage.

/ƛC9¢ϰ
ό/ƻƳǇƭŜƳŜƴǘŀǊȅ /ǳǊǊŜƴǘ LƴƧŜŎǘƛƻƴ CƛŜƭŘ 9ŦŦŜŎǘ ¢ǊŀƴǎƛǎǘƻǊύ

/ƛC9¢ϰ



п/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

tƻǿŜǊ ǎǳǇǇƭƛŜǎ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ ŀōƻǳǘ уллƳ± ŦƻǊŎƛƴƎΥ

Å!ƴŀƭƻƎ ŘȅƴŀƳƛŎ ǊŀƴƎŜ ƭƛƳƛǘŜŘ ǘƻ ƭŜǎǎ ǘƘŀƴ о ŘŜŎŀŘŜǎΣ ōŜŎŀǳǎŜΥ
Å¢ƘǊŜǎƘƻƭŘ ǾƻƭǘŀƎŜ ǊŜŘǳŎǘƛƻƴ ŎŀǳǎŜǎ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘǊŀƴǎƛǎǘƻǊ ǘǳǊƴ ƻŦŦΣ 
ÅhŦŦπƭŜŀƪŀƎŜ ŎǳǊǊŜƴǘǎ ŀǇǇǊƻŀŎƘ ŀƴŀƭƻƎ ƻǇŜǊŀǘƛƴƎ ŎǳǊǊŜƴǘǎΣ ƳŀƪƛƴƎ
Å[ŜŀƪŀƎŜ ǇƻǿŜǊ ƛƴŎǊŜŀǎŜ ǘƻ ǇƻǿŜǊ ŘƛǎǎƛǇŀǘƛƻƴ ƭƛƳƛǘǎΣ ǿƘƛƭŜ

!ƴŀƭƻƎ ǾƻƭǘŀƎŜ ǎǿƛƴƎ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ƘǳƴŘǊŜŘǎ ƻŦ Ƴ± όǘƘǊŜǎƘƻƭŘ ǘƻ ƭƛƴŜŀǊ ǎŀǘǳǊŀǘƛƻƴύ

Å{ƛƎƴŀƭ ǘƻ ƴƻƛǎŜ ƳŀǊƎƛƴǎ ǾŀƴƛǎƘΤ
Å!ƴŀƭƻƎ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ȅƛŜƭŘǎ ōŜŎƻƳŜ ŀƴ ƛƴǎǳǊƳƻǳƴǘŀōƭŜ ƭƛƳƛǘΣ ōŜŎŀǳǎŜΥ
Åhƴπ/ƘƛǇπ±ŀǊƛŀǘƛƻƴ ƻŦ ŀ ǎƛƴƎƭŜ ǘǊŀƴǎƛǎǘƻǊ ŎƘŀƴƎŜǎ ŀƴŀƭƻƎ ǎƛƎƴŀƭ ǾƻƭǘŀƎŜǎ ǳǇ ǘƻ Ϥпл҈Σ

hƴƭȅ ƻƴŜπǎƛȊŜŘ ǘǊŀƴǎƛǎǘƻǊ ƛǎ ŀǾŀƛƭŀōƭŜ όǇǊƻŎŜǎǎ ƴƻŘŜǎ ŀǊŜ ǘǳƴŜŘ ǘƻ ƳŀƪƛƴƎ ƻƴƭȅ ƻƴŜ ǎƛȊŜύ

Å{ƘƻǊǘ ŎƘŀƴƴŜƭ ǎƘǳƴǘƛƴƎ ǊŜŘǳŎŜǎ ƛƴǘǊƛƴǎƛŎ Ǝŀƛƴ όƎƳϝwƻǳǘύ ǘƻ м
Åbƻ ŀƴŀƭƻƎ L/ ǇǊƻŎŜǎǎ ŜȄǘŜƴǎƛƻƴǎ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ
Å[ƻǿ ȅƛŜƭŘǎ ǿƘŜƴ ŀƴŀƭƻƎ ƛǎ ƛƴŎƭǳŘŜŘ ƻƴ ǘƘŜ ŎƘƛǇ

¢ƘŜ LƴŘǳǎǘǊȅ tǊƻōƭŜƳǎ ƛƴ 9ƳŜǊƎƛƴƎ bŀƴƻǎŎŀƭŜ L/ tǊƻŎŜǎǎ bƻŘŜǎ



ǿǿǿΦ/ƛǊŎǳƛǘ{ŜŜŘΦŎƻƳ

/ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

A fusion of field-effect channels provides unprecedented analog performance
in any logic IC process or technology which improves with IC process shrink



с/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

bπƛtƻǊǘ ϑƻǊ tπƛtƻǊǘϒ LƴǇǳǘ /ǳǊǊŜƴǘ ώƴ!ϐ ŎƻƴǘǊƻƭǎ±ƻǳǘώƳ±ϐ

ωbƻƴπƛƴǾŜǊǘƛƴƎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ
ω.ƛπŘƛǊŜŎǘƛƻƴŀƭ ƛƴǇǳǘ ŎǳǊǊŜƴǘ
ωtǊŜŎƛǎŜ {ȅƳƳŜǘǊȅ
ω½ŜǊƻ ƛƴǇǳǘ ŎǳǊǊŜƴǘ ǾŀƭƛŘ
ωbƻ ŎǊƻǎǎƻǾŜǊ ŘƛǎǘƻǊǘƛƻƴ
ωtta όҔнлπōƛǘύ ƭƛƴŜŀǊƛǘȅ
ω¦ƭǘǊŀπ[ƻǿ bƻƛǎŜ
ωwŜŎƻǊŘπǎŜǘǘƛƴƎ 5ȅƴŀƳƛŎ wŀƴƎŜ
ωϤwŀƛƭ ǘƻ wŀƛƭ hǳǘǇǳǘ
ωпπvǳŀŘǊŀƴǘ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ǿƛǘƘ

ωCǳƭƭπŘƛŦŦŜǊŜƴǘƛŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ
ω/ǳǊǊŜƴǘ ƛƴǇǳǘǎ ƭƻŎŀƭƭȅ ǘŜǊƳƛƴŀǘŜŘ ŦƻǊ

ωDǊƻǳƴŘ ƴƻƛǎŜ ǘƻƭŜǊŀƴŎŜ

tƻǎƛǘƛǾŜ bπƛtƻǊǘ LƴǇǳǘ /ǳǊǊŜƴǘ ώƴ!ϐ

bŜƎŀǘƛǾŜ bπƛtƻǊǘ LƴǇǳǘ /ǳǊǊŜƴǘ ώƴ!ϐ

ƭƻƎπƭƻƎ ǎŎŀƭŜ ŀǇǇǊƻŀŎƘŜǎ лΣл

ωtπƛtƻǊǘ ŦǳƴŎǘƛƻƴǎ ǇǊŜŎƛǎŜƭȅ ƛŘŜƴǘƛŎŀƭ ǘƻ ǘƘŜ bπƛtƻǊǘ 
ω¦ǎƛƴƎ ōƻǘƘ ƛtƻǊǘǎ ŀƭƎŜōǊŀƛŎŀƭƭȅ ǎǳƳ ƛƴŘŜǇŜƴŘŜƴǘ ƛƴǇǳǘǎ 
ω.ƻǘƘ ƛtƻǊǘǎ ŀǊŜ ƴƻƴπƛƴǾŜǊǘƛƴƎ
ωaǳƭǘƛǇƭŜ ƛƴǇǳǘ ŎǳǊǊŜƴǘǎ ȅƛŜƭŘ ǘƘŜƛǊ ǿƛǊŜπhw ǎǳƳ
ω¦ƴǳǎŜŘ ƛtƻǊǘǎ ŀǊŜ ƭŜŦǘ ƻǇŜƴπŎƛǊŎǳƛǘŜŘ όҐ ȊŜǊƻ ƛƴǇǳǘύ

PPM Linearity
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aŀƴȅ ŘŜŎŀŘŜǎ ƻŦ ǳƭǘǊŀπƭƛƴŜŀǊ ŘȅƴŀƳƛŎ ǊŀƴƎŜ
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/ƛC9¢ϰ ¦ƭǘǊŀπƭƛƴŜŀǊ ƘƛƎƘ ¢ǊŀƴǎπLƳǇŜŘŀƴŎŜ Dŀƛƴ
tǊƛƳŀǊȅ /ƛC9¢ϰ ŀǎǎŜǘ ƛǎ ǳƭǘǊŀπƭƛƴŜŀǊ ƘƛƎƘ ¢ǊŀƴǎπLƳǇŜŘŀƴŎŜ Dŀƛƴ ƻǾŜǊ ŀƴ ŜȄǘǊŜƳŜ ŘȅƴŀƳƛŎ ǊŀƴƎŜ



т/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

DŀǘŜ LƴǇǳǘ ±ƻƭǘŀƎŜ ώҡ±ϐ ŎƻƴǘǊƻƭǎ ±ƻǳǘώƳ±ϐ

ωIƛƎƘ ƛƴǇǳǘ ƛƳǇŜŘŀƴŎŜ
ω[ƻǿ ƻǳǘǇǳǘ ƛƳǇŜŘŀƴŎŜ
ωIƛƎƘ ǾƻƭǘŀƎŜ Ǝŀƛƴ
ωLƴǾŜǊǘƛƴƎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ
ω.ƛπŘƛǊŜŎǘƛƻƴŀƭ ƛƴǇǳǘ ǾƻƭǘŀƎŜ
ωtǊŜŎƛǎŜ {ȅƳƳŜǘǊȅ
ω½ŜǊƻ ό±ŎƳύ ƛƴǇǳǘ ǾƻƭǘŀƎŜ ǾŀƭƛŘ
ωbƻ ŎǊƻǎǎƻǾŜǊ ŘƛǎǘƻǊǘƛƻƴ
ωtta όҔнлπōƛǘύ ƭƛƴŜŀǊƛǘȅ
ωwŜŎƻǊŘπǎŜǘǘƛƴƎ ŘȅƴŀƳƛŎ ǊŀƴƎŜ
ω¦ƭǘǊŀπ[ƻǿ ƴƻƛǎŜ
ωϤwŀƛƭ ǘƻ wŀƛƭ hǳǘǇǳǘ
ωhǇŜǊŀǘŜǎ ŎƻƴŎǳǊǊŜƴǘƭȅ ǿƛǘƘ ƛtƻǊǘ ŎǳǊǊŜƴǘ ƛƴǇǳǘǎ

ω±ƻƭǘŀƎŜǎ ǎǿƛƴƎ ŀōƻǳǘ ±ŎƳόϤ±ŘŘκнύ ǿƘŜǊŜ
ωƴƻƛǎŜ ŎƻǳǇƭƛƴƎ ƛǎ ǎȅƳƳŜǘǊƛŎŀƭƭȅ ŎŀƴŎŜƭƭŜŘ
ωCǳƴŎǘƛƻƴŀƭƛǘȅ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ŜƛǘƘŜǊ ƻǊ ōƻǘƘ ƛtƻǊǘǎ
ω!ƭƭ ǾƻƭǘŀƎŜ ŀƴŘ ŎǳǊǊŜƴǘ ƛƴǇǳǘ ǎƛƎƴŀƭǎ ŀƭƎŜōǊŀƛŎŀƭƭȅ ǎǳƳ
ωпπvǳŀŘǊŀƴǘ ŦǳƴŎǘƛƻƴŀƭƛǘȅ 
ωCǳƭƭπŘƛŦŦŜǊŜƴǘƛŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻǇǘƛƻƴŀƭ

tta [ƛƴŜŀǊƛǘȅ

aŀƴȅ ŘŜŎŀŘŜǎ ƻŦ ǳƭǘǊŀπƭƛƴŜŀǊ ŘȅƴŀƳƛŎ ǊŀƴƎŜ
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ƭƻƎπƭƻƎ ǎŎŀƭŜ ŀǇǇǊƻŀŎƘŜǎ лΣл

-520mv/mv

bŜƎŀǘƛǾŜ LƴǇǳǘ ±ƻƭǘŀƎŜ ώҡ±ϐ

tƻǎƛǘƛǾŜ LƴǇǳǘ ±ƻƭǘŀƎŜ ώҡ±ϐ

/ƛC9¢ϰ ƘƛƎƘ ǳƭǘǊŀπƭƛƴŜŀǊ ±ƻƭǘŀƎŜ Dŀƛƴ
¢ƘŜ /ƛC9¢ϰ ǇǊƻŘǳŎŜǎ ƘƛƎƘ ǳƭǘǊŀπƭƛƴŜŀǊ ±ƻƭǘŀƎŜ Dŀƛƴ ƻǾŜǊ ŀƴ ŜȄǘǊŜƳŜ ŘȅƴŀƳƛŎ ǊŀƴƎŜ



у/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

wŜƳƛƴƛǎŎŜƴǘ ƻŦ ŀ ŎǳǊǊŜƴǘ ƳƛǊǊƻǊΣ ōǳǘ ƛƴǇǳǘ ŎǳǊǊŜƴǘ ƛǎ ǇǊŜŎƛǎŜƭȅ ƛƴǾŜǊǘŜŘǿƛǘƘ tta όнлπōƛǘ ŜǉǳƛǾŀƭŜƴǘύ ŀŎŎǳǊŀŎȅ
ό/ƛC9¢ϰ ōƛŀǎ ŎǳǊǊŜƴǘ ƛƴŎƭǳŘŜŘ ƘŜǊŜ ǘǊŀƴǎƭŀǘŜǎ ŦǊƻƳ ƻƴŜ ǘƻ ǘƘŜ ƻǇǇƻǎƛǘŜ /ƛC9¢ϰ ǇƻƭŀǊƛǘȅ ŀƴŘ ǘƘŜ ōƛŀǎ Ŏŀƴ ōŜ ǎǳōǘǊŀŎǘŜŘ ƻǳǘ ƛŦ ƴŜŎŜǎǎŀǊȅύ

tǊŜŎƛǎƛƻƴ /ƛC9¢ϰ /ǳǊǊŜƴǘ LƴǾŜǊǘŜǊ

bπ5Ǌŀƛƴ /ƘŀƴƴŜƭ 
/ǳǊǊŜƴǘ

πмΦлллΣллл ƴŀ κ мΦлллΣллл ƴŀ
ώϤtta ŀŎŎǳǊŀŎȅϐ 



ф/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

¢ǊƛǇƭŜ /ƛC9¢ϰ !ƳǇƭƛŦƛŜǊ {ǳǇǇƭȅ /ǳǊǊŜƴǘ ϧ tƻǿŜǊ Ǿǎ ±ŘŘ

/ƛC9¢ ǳǎŜǎ Ѻ ҡ² ŀǘ м±ƻƭǘ ±ŘŘ

/ƛC9¢ϰ !ƳǇƭƛŦƛŜǊ

or



мл/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

{ŜƭŦπ.ƛŀǎŜŘ ǇǊŜŎƛǎƛƻƴ /ƛC9¢ϰ t¢!¢ όtǊƻǇƻǊǘƛƻƴŀƭπǘƻπ!ōǎƻƭǳǘŜπ¢ŜƳǇŜǊŀǘǳǊŜύ ŀƴŘ /¢!¢ ό/ƻƳǇƭŜƳŜƴǘπǘƻπ!ōǎƻƭǳǘŜπ¢ŜƳǇŜǊŀǘǳǊŜύ ƛtƻǊǘ 
ǾƻƭǘŀƎŜǎ ŀǊŜ ǎŜǘ ōȅ ƛwŀǘƛƻΣ ƘŀǾŜ ǇǊŜŎƛǎŜ ƭƛƴŜŀǊƛǘȅΣ ŀƴŘ ŀǊŜ ŜǎǎŜƴǘƛŀƭƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ǇǊƻǇŜǊǘȅ ǾŀǊƛŀǘƛƻƴǎ ƻǾŜǊ ŀƴ 
ŜȄǘŜƴŘŜŘ ǘŜƳǇŜǊŀǘǳǊŜ wŀƴƎŜΦ  ¢ƘŜ ½¢!¢ ό½ŜǊƻπǘƻπ!ōǎƻƭǳǘŜπ¢ŜƳǇŜǊŀǘǳǊŜύ ǘŜǊƳƛƴŀƭ ƎŜƴŜǊŀǘŜǎ ŀ ǎŜƭŦπōƛŀǎŜŘ /ƻƳƳƻƴπaƻŘŜ ŀƴŀƭƻƎ 
ƎǊƻǳƴŘ ό±ŎƳύ ƭƻŎŀǘŜŘ ϤƳƛŘ ǎǳǇǇƭȅ ǾƻƭǘŀƎŜ ǿƘŜǊŜ ƳŀȄƛƳǳƳ ŀƴŀƭƻƎ ǾƻƭǘŀƎŜ ǎǿƛƴƎ ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ōƛŘƛǊŜŎǘƛƻƴŀƭ ŀƴŀƭƻƎ ǎƛƎƴŀƭǎΦ 

¢ŜƳǇŜǊŀǘǳǊŜ aŜŀǎǳǊŜƳŜƴǘ ϧ /ƻƳƳƻƴπaƻŘŜ wŜŦŜǊŜƴŎŜ DŜƴŜǊŀǘƻǊ

aƛƭƛǘŀǊȅ ¢ŜƳǇŜǊŀǘǳǊŜ wŀƴƎŜ όπррϲ/ǘƻ мнрϲ/ύ



ǿǿǿΦ/ƛǊŎǳƛǘ{ŜŜŘΦŎƻƳ

/ƛC9¢ϰ ƛwŀǘƛƻ

Dŀƛƴ ŀƴŘ ƻǘƘŜǊ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǊŜƎǳƭŀǘŜŘ ōȅ ǇƘȅǎƛŎŀƭ ƛwŀǘƛƻŘŜǾƛŎŜ ǎƛȊƛƴƎ 
ǘŀƪƛƴƎ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀǿŀȅ ŦǊƻƳ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ



мн/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

tƛC9¢

/ƛC9¢ϰ

bƛC9¢

!ƴƛC9¢όŎǳǊǊŜƴǘƛƴƧŜŎǘƛƻƴCƛŜƭŘ9ŦŦŜŎǘ¢ǊŀƴǎƛǎǘƻǊύƛǎŀah{C9¢ǘƘŀǘƘŀǎŀƴŜȄǘǊŀŘƛŦŦǳǎƛƻƴ
ƭƻŎŀǘŜŘƛƴƛǘǎŎƻƴŘǳŎǘƛƻƴŎƘŀƴƴŜƭΣǇǊƻǾƛŘƛƴƎŀŎŎŜǎǎǘƻŎƘŀƴƴŜƭŎǳǊǊŜƴǘŦƭƻǿΦ¢ƘŜƛwŀǘƛƻ
όŎǳǊǊŜƴǘŘŜƴǎƛǘȅǊŀǘƛƻύǊŜǇǊŜǎŜƴǘǎǊŜƭŀǘƛǾŜƛC9¢ŎƘŀƴƴŜƭǎǘǊŜƴƎǘƘǊŀǘƛƻό{ƻǳǊŎŜ/ƘŀƴƴŜƭ
ǎǘǊŜƴƎǘƘκ5Ǌŀƛƴ/ƘŀƴƴŜƭǎǘǊŜƴƎǘƘύΦaƻǊŜǎǇŜŎƛŦƛŎŀƭƭȅΣƛǘƛǎŎƘŀǊƎŜŘŜƴǎƛǘȅǊŀǘƛƻōŜǘǿŜŜƴ
ƻǇŜǊŀǘƛƴƎƛC9¢ŎƘŀƴƴŜƭǎΦ

{ƛƳƛƭŀǊǘƻŀ/ah{LƴǾŜǊǘŜǊΣǘƘŜ/ƛC9¢ϰό/ƻƳǇƭŜƳŜƴǘŀǊȅƛC9¢ύƛǎŀŎƻƳǇƭŜƳŜƴǘŀǊȅǇŀƛǊƻŦ
ƛC9¢ǎΦ¢ƘŜŎƻƳǇƭŜƳŜƴǘŀǊȅtπƛC9¢ƛǎƴƻǊƳŀƭƭȅǎŜǘǘƻǘƘŜǎŀƳŜƛwŀǘƛƻΣōǳǘōƻǘƘtπŎƘŀƴƴŜƭǎ
ŀǊŜǿƛŘŜǊōȅǘƘŜŎƳwŀǘƛƻόŎƻƳƳƻƴπƳƻŘŜwŀǘƛƻύǿƘƛŎƘƛǎǳǎŜŘǘƻŀǇǇǊƻȄƛƳŀǘŜƭȅōŀƭŀƴŎŜ
ǘƘŜtǘƻbƳƻōƛƭƛǘȅŘƛŦŦŜǊŜƴŎŜǎΦ¢ƘŜŎƳwŀǘƛƻŎŜƴǘŜǊǎŀƴŀƭƻƎƻǳǘǇǳǘǾƻƭǘŀƎŜǎƛƎƴŀƭǎǿƛƴƎ
ƴŜŀǊƘŀƭŦπǿŀȅōŜǘǿŜŜƴǘƘŜǇƻǿŜǊǊŀƛƭǎŀƴŘŦƻǊƳǎŀŎƻƳƳƻƴπƳƻŘŜǾƻƭǘŀƎŜό±ŎƳύŀǎŀƴŀƭƻƎ
ƎǊƻǳƴŘΦ ¢ƘƛǎŜƴŀōƭŜǎƳŀȄƛƳǳƳǎȅƳƳŜǘǊƛŎŀƭŘȅƴŀƳƛŎǊŀƴƎŜǿƘƛŎƘǘŜƴŘǎǘƻƘŀǾŜ
ŎƻƳǇƭŜƳŜƴǘŀǊȅǇƻǿŜǊǎǳǇǇƭȅƴƻƛǎŜŎŀƴŎŜƭƭŀǘƛƻƴǿƘƛƭŜƴǳƭƭƛŦȅƛƴƎƴƻƴƭƛƴŜŀǊƘŀǊƳƻƴƛŎǘŜǊƳǎ
ƛƴǘƘŜƻǳǘǇǳǘΦ

¢ƘŜŎƳwŀǘƛƻόǘƘŜtπǘƻπbǊŀǘƛƻƻŦŀ/ƛC9¢ϰύƛǎŀǎŜƭŦπƎŜƴŜǊŀǘŜŘŎƻƳƳƻƴπƳƻŘŜŀƴŀƭƻƎƎǊƻǳƴŘ
ǾƻƭǘŀƎŜό±ŎƳύǘƘŀǘƛǎŦƻǊƳŜŘōȅŎƻƴƴŜŎǘƛƴƎǘƘŜŘǊŀƛƴπǘƻπƎŀǘŜƻŦŀǊŜǇƭƛŎŀ/ƛC9¢ϰƳŀƪƛƴƎǘƘŜ
±ŎƳŀŘŀǇǘǘƻǇǊŜǾŀƛƭƛƴƎǎŜƳƛŎƻƴŘǳŎǘƻǊǇŀǊŀƳŜǘŜǊǎΦ

hƴŜƻǘƘŜǊŎƻƴǎƛŘŜǊŀǘƛƻƴƛƴŎƘŀƴƴŜƭǎƛȊƛƴƎƛǎƭƛƳƛǘƛƴƎǿƻǊǎǘπŎŀǎŜǇŀǎǎπǘƘǊƻǳƎƘόǘƻǘŜƳπǇƻƭŜύ
ŎǳǊǊŜƴǘƛƴƻǊŘŜǊǘƻƻǇŜǊŀǘŜǘƘŜ/ƛC9¢ϰǿƛǘƘƛƴƳŀȄƛƳǳƳŀƭƭƻǿŜŘ5/ŎǳǊǊŜƴǘǇŀǎǎπǘƘǊƻǳƎƘ
ƛƴǎƛŘŜǘƘŜǘǊŀƴǎƛǎǘƻǊǎŀƴŘǊŜƭŀǘŜŘŎƻƴǘŀŎǘǎŀƴŘŎƻƴǎƛŘŜǊŀǘƛƻƴƻŦƭƻŎŀƭƘŜŀǘƛƴƎŀƴŘǇƻǿŜǊπ
ǎǇŜŜŘǘǊŀŘŜπƻŦŦǎΦ

ƛwŀǘƛƻϧ ŎƳwŀǘƛƻ



13/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

/ƛC9¢ϰ

ὡ ὔ Ὓ֕έόὶὧὩὅὬὥὲὲὩὰᶻὛέόὶὧὩὓόὰὸὭὴὰὭὩὶ

ὒ ὔ Ὓ֕έόὶὧὩὅὬὥὲὲὩὰὒὩὲὫὸὬ

╬□╡╪◄░▫
ὖ Ὥ֕ὊὩὸὡὭὨὸὬ

ὔ Ὥ֕ὊὩὸὡὭὨὸὬ

ὡ ὔ Ὀ֕ὶὥὭὲὅὬὥὲὲὩὰᶻὈὶὥὭὲὓόὰὸὭὴὰὭὩὶ

ὒ ὔ Ὀ֕ὶὥὭὲὅὬὥὲὲὩὰὒὩὲὫὸὬ

ὡ ὖ Ὀ֕ὶὥὭὲὅὬὥὲὲὩὰᶻὈὶὥὭὲὓόὰὸὭὴὰὭὩὶ

ὒ ὖ Ὀ֕ὶὥὭὲὅὬὥὲὲὩὰὒὩὲὫὸὬ

ὡ ὖ Ὓ֕έόὶὧὩὅὬὥὲὲὩὰᶻὛέόὶὧὩὓόὰὸὭὴὰὭὩὶ

ὒ ὖ Ὓ֕έόὶὧὩὅὬὥὲὲὩὰὒὩὲὫὸὬ

tŀǊŀƳŜǘŜǊƛȊŜŘ /ƛC9¢ϰ ŎƘŀƴƴŜƭ ǎƛȊƛƴƎ ƛƴ ǘŜǊƳǎ ƻŦ iRatioand cmRatioŀǊŜ ƛƴŘƛŎŀǘŜŘ ŦƻǊ ŜŀŎƘ /ƛC9¢ϰ ŎƘŀƴƴŜƭΦ  

tπ{ƻǳǊŎŜ /ƘŀƴƴŜƭ

tπ5Ǌŀƛƴ /ƘŀƴƴŜƭ

bπ5Ǌŀƛƴ /ƘŀƴƴŜƭ

bπ{ƻǳǊŎŜ /ƘŀƴƴŜƭ

/ƛC9¢ϰ {ƛȊƛƴƎ 9ȄŀƳǇƭŜǎ όƛwŀǘƛƻϧ ŎƳwŀǘƛƻύ

.ƻǘƘ ǘƘŜ tƛC9¢ ϧ bƛC9¢ ǳǎŜ ǘƘŜ ǎŀƳŜ ƛwŀǘƛƻ

ὡ
ὒ
ὛέόὶὧὩὅὬὥὲὲὩὰ

ὡ
ὒ
ὈὶὥὭὲὅὬὥὲὲὩὰ

░╡╪◄░▫



14/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

/ƛC9¢ϰ /ǳǊǊŜƴǘ 5Ŝƴǎƛǘȅ wŀǘƛƻ όƛwŀǘƛƻύ /ƘŀƴƎŜǎ CǳƴŎǘƛƻƴŀƭ tǊƻǇŜǊǘƛŜǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ

/ǳǊǊŜƴǘ 5Ŝƴǎƛǘȅ wŀǘƛƻ όƛwŀǘƛƻύ

/ƛC9¢
ƛwŀǘƛƻ

мκон

мκмс

мκу

1/4

мκн

м

нп

у

мс

он

64

мну

нрс

¦ƭǘǊŀπIƛƎƘ Dŀƛƴ !ƳǇƭƛŦƛŜǊ
оллaIȊΣ wƛƴҐорлYʍΣ tƻǿŜǊҐфолƴ²Σ ǊƳDŀƛƴҐмроŘ.

IƛƎƘ Dŀƛƴ !ƳǇƭƛŦƛŜǊ
мΦпDIȊΣ wƛƴҐнллYʍΣ tƻǿŜǊҐфорƴ²Σ ǊƳDŀƛƴҐмпуŘ.

IƛƎƘ ±ƻƭǘŀƎŜ !ƳǇƭƛŦƛŜǊ
оΦоDIȊΣ wƛƴҐмнрYʍΣ tƻǿŜǊҐтΦсҡ²Σ ǊƳDŀƛƴҐмпоŘ.

DŜƴŜǊŀƭ tǳǊǇƻǎŜ IƛƎƘ ±ƻƭǘŀƎŜ Dŀƛƴ !ƳǇƭƛŦƛŜǊ
рлDIȊΣ wƛƴҐтрYʍΣ tƻǿŜǊҐфΦтҡ²Σ ǊƳDŀƛƴҐмоуŘ.

[ƻǿ ±ƻƭǘŀƎŜ Dŀƛƴ
трDIȊΣ wƛƴҐрлYʍΣ tƻǿŜǊҐфΦуҡ²Σ ǊƳDŀƛƴҐмооŘ.

Minimum Area
100GHz, Rin=12Kʍ, Power=9.8µW, rmGain=119dB

IƛƎƘ LƴǇǳǘ wŜǎƛǎǘŀƴŎŜ ¢L!
трDIȊΣ wƛƴҐуYʍΣ tƻǿŜǊҐфΦуҡ²Σ ǊƳDŀƛƴҐмнпŘ.

нрʍ [b!
ҔмллDIȊΣ wƛƴҐмκмсYʍΣ tƻǿŜǊҐммΦтҡ²Σ ǊƳDŀƛƴҐулŘ.

рлʍ [b!
ҔмллDIȊΣ wƛƴҐ ѾYʍΣ tƻǿŜǊҐммΦсҡ²Σ ǊƳDŀƛƴҐурŘ.

мллʍ [b! όwC [b!ύ
ҔмллDIȊΣ wƛƴҐ ѻYʍΣ tƻǿŜǊҐммΦрҡ²Σ ǊƳDŀƛƴҐфмŘ.

нллʍ [b!
мллDIȊΣ wƛƴҐ ѹYʍΣ tƻǿŜǊҐммΦмҡ²Σ ǊƳDŀƛƴҐфуŘ.

рллʍ [b! ό¢ǊŀƴǎƳƛǎǎƛƻƴ [ƛƴŜ wŜŎŜƛǾŜǊǎύ
улDIȊΣ wƛƴҐмYʍΣ tƻǿŜǊҐмлΦтҡ²Σ ǊƳDŀƛƴҐмлпŘ.

[ƻǿ LƴǇǳǘ wŜǎƛǎǘŀƴŎŜ ¢L!
трDIȊΣ wƛƴҐнYʍΣ tƻǿŜǊҐмлΦоҡ²Σ ǊƳDŀƛƴҐммлŘ.

TIA  (General Purpose Sensor)
60GHz, Rin=4Kʍ, Power=9.9µW, rmGain=117dB



мр/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

мκон мκмс мκу мκп мκн 1 н п у мс он сп мну 256

±ƛƴ±ƻǳǘ )ƛƴπYϝ)ƻǳǘ )ƛƴ±ƻǳǘ

±ƻƭǘŀƎŜ !ƳǇ
/ǳǊǊŜƴǘ
LƴǾŜǊǘŜǊ

{ŜƴǎŜ !ƳǇκ
wŜŎŜƛǾŜǊ

{ŜƴǎŜ !ƳǇκ
.ǳǎ wŜŎŜƛǾŜǊ

Sense Amp/
Transmission Line Receiver

ƛwŀǘƛƻ

[ƻǿ LƴǇǳǘ LƳǇŜŘŀƴŎŜΣ IƛƎƘ {ǇŜŜŘIƛƎƘ DŀƛƴΣ IƛƎƘ LƴǇǳǘ LƳǇŜŘŀƴŎŜ[ƻǿŜǎǘ bƻƛǎŜ

/ǳǊǊŜƴǘ 5Ŝƴǎƛǘȅ wŀǘƛƻ όƛwŀǘƛƻύ
/ƛC9¢ϰ /ǳǊǊŜƴǘ 5Ŝƴǎƛǘȅ wŀǘƛƻ όƛwŀǘƛƻύ /ƘŀƴƎŜǎ CǳƴŎǘƛƻƴŀƭ tǊƻǇŜǊǘƛŜǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ



16/ƛǊŎǳƛǘ {ŜŜŘ /ƛC9¢ϰ CǳƴŘŀƳŜƴǘŀƭǎ

Voltage Amplifier
Vin Vout

Current 
Inverter

I in-K* Iout

Sense Amplifier/Receiver
I in Vout

/ƛC9¢ϰ wŀǘƛƻ [iRatio] 1/32 1/16 1/8 1/4 1/2 1 2 4 8 16 32 64 128 256

t {ƻǳǊŎŜ ²ƛŘǘƘϝ1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 2xWide 4xWide 8xWide 16xWide 32xWide 64xWide128xWide

P Source Length 2xLong 2xLong 2xLong 2xLong 2xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong

P Drain Width* 16xWide 8xWide 4xWide 2xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide

P Drain Length 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong

b 5Ǌŀƛƴ ²ƛŘǘƘ16xWide 8xWide 4xWide 2xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide

N Drain Length 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong 2xLong

N Source Width 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 1xWide 2xWide 4xWide 8xWide 16xWide 32xWide 64xWide128xWide

N Source Length 2xLong 2xLong 2xLong 2xLong 2xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong 1xLong

LƴǇǳǘ wŜǎƛǎǘŀƴŎŜ όwƛƴύ ώYʍϐ 350 200 125 75 50 12 8 4 2 1 ½ ¼ Ѿ 1/16

Trans-Impedance (rm) [Kʍϐ 42,000 25,000 14,000 8,000 4,500 1,000 1,500 700 320 160 80 40 20 10

rm Gain factor [dB] 153 148 143 138 133 119 124 117 110 104 98 91 85 80

оŘ. .ǊŜŀƪ CǊŜǉǳŜƴŎȅ ώIȊϐ280K 915K 2.9M 8.3M 20M 76M 21M 27M 32M 35M 36M 37M 37.5M 38M

3dB Input Ref INOISE [dB] -218 -222 -227 -231 -234 -228 -225 -219 -214 -208 -202 -196 -190 -184

bƛtƻǊǘ±ƻƭǘŀƎŜ ώƳ±ϐ 300 280 260 230 160 130 65 33 15 8 4 2 1 0.5

PiPortVoltage [mV] 300 280 260 230 160 130 65 35 18 9 4.5 2.5 1.3 0.8

LƴǘǊƛƴǎƛŎ /ǳǘƻŦŦŦǊŜǉώIȊϐ 303G 1.4T 3.3T 5.1T 5T 6.5T 16.3T 11T 6.8T 3.9T 2.2T 1.3T 803G 475G

Input INOISE at Cutoff [dB] -184 -182 -179 -176 -173 -173 -173 -173 -173 -173 -173 -173 -173 -173

/ƛC9¢ϰ /ǳǊǊŜƴǘ ώҡ!ϐ 775n 475n 4.5µ 8.1µ 8.2µ 8.2µ 8.2µ 8.3µ 8.6µ 9µ 9.3µ 9.6µ 9.7µ 9.8µ

/ƛC9¢ϰ tƻǿŜǊ [µW] 930n 935n 7.6µ 9.7µ 9.8µ 9.8µ 9.8µ 9.9µ 10.3µ 10.7µ 11.1µ 11.5µ 11.6µ 11.7µ

Max. Application Speed [Hz] 300M 1.4G 3.3G 50G 75G 100G 75G 60G 75G 80G 100G >100G >100G >100G

Circuit Seed designs optimally operate in logic processes from 180nm down to 5nm
/ƛhǇ!ƳǇϰ tƻǿŜǊ {ǳǇǇƭȅ ό±DD) = 500mV to process limit (due to the use of switches)
/ƛ¢L!ϰ tƻǿŜǊ {ǳǇǇƭȅ ό±DD) = 10mV to process limit

Note: Implementation of the /ƛC9¢ϰon FinFETs require all the transistors to be the same size.  For the 2xWide you connect 2 FinFETs in parallel and for 2xLong,connect 
2 FinFETs in series

/ƛC9¢ϰ wŀǘƛƻ= [W/L Source]/[W/L Drain]

*Common mode ratio (P-to-N strength) =3 (nominal)
Pchannel width multiplier

Recommended range for 90% of sensing applications

Recommended range for 90% of V-gain applications
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άiRatioέ(current-density ratio explainedin the following section) sets the gain at designand physicallayout. It is
establishedthrougha pair of different channelsizes,operatingon the bandgap-referenceprinciple(explainedlater). Six
examplesettingsilluminatethe scopeof the/ƛC9¢ϰTrans-Impedancegain(rm) control.

{ǇŜŎƛŦȅƛƴƎ ǇǊƛƳŀǊȅ /ƛC9¢ϰ ¢Ǌŀƴǎ-Impedance Gain

N-iPort (or P-iPort) current input produces Vout

Note: only the upper-right quadrant is shown.  As on the initial 
graph, the lower left quadrant is precisely the double-axis mirror.  
































































































