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Copyright bƻǘƛŎŜ 

/ƻǇȅǊƛƎƘǘ ϭ нлмт [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴΦ !ƭƭ ǊƛƎƘǘǎ ǊŜǎŜǊǾŜŘΦ ¢ƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ Ŏƻƴǘŀƛƴ ǇǊƻǇǊƛŜǘŀǊȅ ŀƴŘ ŎƻƴŦƛŘŜƴǘƛŀƭ 
ƛƴŦƻǊƳŀǘƛƻƴ όƛƴŎƭǳŘƛƴƎ ǘǊŀŘŜ ǎŜŎǊŜǘǎΣ ŎƻǇȅǊƛƎƘǘΣ ŀƴŘ ƻǘƘŜǊ LƴǘŜƭƭŜŎǘǳŀƭ tǊƻǇŜǊǘȅ ƛƴǘŜǊŜǎǘǎύ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘκƻǊ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎΦ !ƭƭ 
ǊƛƎƘǘǎ ŀǊŜ ǊŜǎŜǊǾŜŘΦ You are permitted to use this document and any information contained therein expressly and only for bona fide non-commercial 
evaluation of products and/or services from Lattice Semiconductor Corporation or its affiliates; and only in connection with your bona fide 
consideration of purchase or license of products or services from Lattice Semiconductor Corporation or its affiliates, and only in accordance with the 
terms and conditions stipulated. /ƻƴǘŜƴǘǎΣ όƛƴ ǿƘƻƭŜ ƻǊ ƛƴ ǇŀǊǘύ Ƴŀȅ ƴƻǘ ōŜ ǊŜǇǊƻŘǳŎŜŘΣ ŘƻǿƴƭƻŀŘŜŘΣ ŘƛǎǎŜƳƛƴŀǘŜŘΣ ǇǳōƭƛǎƘŜŘΣ ƻǊ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴ ŀƴȅ 
ŦƻǊƳ ƻǊ ōȅ ŀƴȅ ƳŜŀƴǎΣ ŜȄŎŜǇǘ ǿƛǘƘ ǘƘŜ ǇǊƛƻǊ ǿǊƛǘǘŜƴ ǇŜǊƳƛǎǎƛƻƴ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘκƻǊ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎΦ /ƻǇȅǊƛƎƘǘ ƛƴŦǊƛƴƎŜƳŜƴǘ ƛǎ ŀ 
Ǿƛƻƭŀǘƛƻƴ ƻŦ ŦŜŘŜǊŀƭ ƭŀǿ ǎǳōƧŜŎǘ ǘƻ ŎǊƛƳƛƴŀƭ ŀƴŘ ŎƛǾƛƭ ǇŜƴŀƭǘƛŜǎΦ ¸ƻǳ ƘŀǾŜ ƴƻ ǊƛƎƘǘ ǘƻ ŎƻǇȅΣ ƳƻŘƛŦȅΣ ŎǊŜŀǘŜ ŘŜǊƛǾŀǘƛǾŜ ǿƻǊƪǎ ƻŦΣ ǘǊŀƴǎŦŜǊΣ ǎǳōƭƛŎŜƴǎŜΣ 
ǇǳōƭƛŎƭȅ ŘƛǎǇƭŀȅΣ ŘƛǎǘǊƛōǳǘŜ ƻǊ ƻǘƘŜǊǿƛǎŜ ƳŀƪŜ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŀǾŀƛƭŀōƭŜΣ ƛƴ ǿƘƻƭŜ ƻǊ ƛƴ ǇŀǊǘΣ ǘƻ ŀƴȅ ǘƘƛǊŘ ǇŀǊǘȅΦ ¸ƻǳ ŀǊŜ ƴƻǘ ǇŜǊƳƛǘǘŜŘ ǘƻ ǊŜǾŜǊǎŜ 
ŜƴƎƛƴŜŜǊΣ ŘƛǎŀǎǎŜƳōƭŜΣ ƻǊ ŘŜŎƻƳǇƛƭŜ ŀƴȅ ŘŜǾƛŎŜ ƻǊ ƻōƧŜŎǘ ŎƻŘŜ ǇǊƻǾƛŘŜŘ ƘŜǊŜǿƛǘƘΦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ǊŜǎŜǊǾŜǎ ǘƘŜ ǊƛƎƘǘ ǘƻ ǊŜǾƻƪŜ 
ǘƘŜǎŜ ǇŜǊƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜǉǳƛǊŜ ǘƘŜ ŘŜǎǘǊǳŎǘƛƻƴ ƻǊ ǊŜǘǳǊƴ ƻŦ ŀƴȅ ŀƴŘ ŀƭƭ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ǇǊƻǇǊƛŜǘŀǊȅ ƳŀǘŜǊƛŀƭǎ ŀƴŘκƻǊ ŘŀǘŀΦ 

Patents 

¢ƘŜ ǎǳōƧŜŎǘ ƳŀǘǘŜǊ ŘŜǎŎǊƛōŜŘ ƘŜǊŜƛƴ Ƴŀȅ Ŏƻƴǘŀƛƴ ƻƴŜ ƻǊ ƳƻǊŜ ƛƴǾŜƴǘƛƻƴǎ ŎƭŀƛƳŜŘ ƛƴ ǇŀǘŜƴǘǎ ƻǊ ǇŀǘŜƴǘǎ ǇŜƴŘƛƴƎ ƻǿƴŜŘ ōȅ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ 
/ƻǊǇƻǊŀǘƛƻƴ ŀƴŘκƻǊ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎΦ 

Trademark Acknowledgment 

[ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴÈΣ ǘƘŜ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ ƭƻƎƻΣ {ƛƭƛŎƻƴ LƳŀƎŜÈΣ ǘƘŜ {ƛƭƛŎƻƴ LƳŀƎŜ ƭƻƎƻΣ LƴǎǘŀǇƻǊǘÈΣ ǘƘŜ LƴǎǘŀǇƻǊǘ ƭƻƎƻΣ 
LƴǎǘŀtǊŜǾǳŜÈΣ {ƛƳǇƭŀȅÈΣ {ƛƳǇƭŀȅ I5ÈΣ ǘƘŜ {ƛƳǇƭŀȅ I5 ƭƻƎƻΣ {ƛƳǇƭŀȅ [ŀōǎϰΣ ǘƘŜ {ƛƳǇƭŀȅ [ŀōǎ ƭƻƎƻΣ ǘƘŜ {ƛ.9!a {ƴŀǇϰΣ ǘƘŜ {ƛ.9!a {ƴŀǇ ƭƻƎƻΣ 
¦ƭǘǊŀDƛƎϰΣ ǘƘŜ ¦ƭǘǊŀDƛƎ ƭƻƎƻ ŀǊŜ ǘǊŀŘŜƳŀǊƪǎ ƻǊ ǊŜƎƛǎǘŜǊŜŘ ǘǊŀŘŜƳŀǊƪǎ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘκƻǊ ƻǘƘŜǊ 
ŎƻǳƴǘǊƛŜǎΦ I5aLÈ ŀƴŘ ǘƘŜ I5aL ƭƻƎƻ ǿƛǘƘ IƛƎƘπ5ŜŦƛƴƛǘƛƻƴ aǳƭǘƛƳŜŘƛŀ LƴǘŜǊŦŀŎŜ ŀǊŜ ǘǊŀŘŜƳŀǊƪǎ ƻǊ ǊŜƎƛǎǘŜǊŜŘ ǘǊŀŘŜƳŀǊƪǎ ƻŦΣ ŀƴŘ ŀǊŜ ǳǎŜŘ ǳƴŘŜǊ 
ƭƛŎŜƴǎŜ ŦǊƻƳΣ I5aL [ƛŎŜƴǎƛƴƎΣ [[/Φ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻǊ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦ aI[È ŀƴŘ ǘƘŜ aI[ ƭƻƎƻ ǿƛǘƘ aƻōƛƭŜ IƛƎƘπ5ŜŦƛƴƛǘƛƻƴ [ƛƴƪ ŀǊŜ ǘǊŀŘŜƳŀǊƪǎ 
ƻǊ ǊŜƎƛǎǘŜǊŜŘ ǘǊŀŘŜƳŀǊƪǎ ƻŦΣ ŀƴŘ ŀǊŜ ǳǎŜŘ ǳƴŘŜǊ ƭƛŎŜƴǎŜ ŦǊƻƳΣ aI[Σ [[/Φ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘκƻǊ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦ ²ƛǊŜƭŜǎǎI5ÈΣ ǘƘŜ ²ƛǊŜƭŜǎǎI5 
ƭƻƎƻΣ ²ƛI5È ŀƴŘ ǘƘŜ ²ƛI5 ƭƻƎƻ ŀǊŜ ǘǊŀŘŜƳŀǊƪǎΣ ǊŜƎƛǎǘŜǊŜŘ ǘǊŀŘŜƳŀǊƪǎ ƻǊ ǎŜǊǾƛŎŜ ƳŀǊƪǎ ƻŦ {ƛ.ŜŀƳΣ LƴŎΦ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻǊ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦ 

I5aL [ƛŎŜƴǎƛƴƎΣ [[/Τ aI[Σ [[/Τ {ƛƳǇƭŀȅ [ŀōǎΣ [[/Τ ŀƴŘ {ƛ.ŜŀƳΣ LƴŎΦ ŀǊŜ ǿƘƻƭƭȅ ƻǿƴŜŘ ǎǳōǎƛŘƛŀǊƛŜǎ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴΦ 

!ƭƭ ƻǘƘŜǊ ǘǊŀŘŜƳŀǊƪǎ ŀƴŘ ǊŜƎƛǎǘŜǊŜŘ ǘǊŀŘŜƳŀǊƪǎ ŀǊŜ ǘƘŜ ǇǊƻǇŜǊǘȅ ƻŦ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ ƻǿƴŜǊǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻǊ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŜ ŀōǎŜƴŎŜ ƻŦ ŀ 
ǘǊŀŘŜƳŀǊƪ ǎȅƳōƻƭ ŘƻŜǎ ƴƻǘ ŎƻƴǎǘƛǘǳǘŜ ŀ ǿŀƛǾŜǊ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊΩǎ ǘǊŀŘŜƳŀǊƪǎ ƻǊ ƻǘƘŜǊ ƛƴǘŜƭƭŜŎǘǳŀƭ ǇǊƻǇŜǊǘȅ ǊƛƎƘǘǎ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ŀ ǇǊƻŘǳŎǘ 
ƴŀƳŜΣ ƭƻƎƻ ƻǊ ǎƭƻƎŀƴΦ 

Export Controlled Document 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ Ŏƻƴǘŀƛƴǎ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǘƘŜ ¦Φ{Φ 9ȄǇƻǊǘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ wŜƎǳƭŀǘƛƻƴǎ ŀƴŘ Ƴŀȅ ŀƭǎƻ ōŜ ǎǳōƧŜŎǘ ǘƻ ŀŘŘƛǘƛƻƴŀƭ ŜȄǇƻǊǘ ŎƻƴǘǊƻƭ 
ƭŀǿǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ όŎƻƭƭŜŎǘƛǾŜƭȅ ά9ȄǇƻǊǘ [ŀǿǎέύ ŀƴŘ Ƴŀȅ ōŜ ǳǎŜŘ ƻƴƭȅ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǎǳŎƘ 9ȄǇƻǊǘ [ŀǿǎΦ ¦ƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ŀǳǘƘƻǊƛȊŜŘ ōȅ ŀƴ 
ƻŦŦƛŎŜǊ ƻŦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ƛƴ ǿǊƛǘƛƴƎΣ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƴǘŀƛƴŜŘ ƘŜǊŜƛƴ όŀύ Ƴŀȅ ƴƻǘ ōŜ ǳǎŜŘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ 
ƴǳŎƭŜŀǊΣ ōƛƻƭƻƎƛŎŀƭ ƻǊ ŎƘŜƳƛŎŀƭ ǿŜŀǇƻƴǎΣ ƻǊ ƳƛǎǎƛƭŜǎ ŎŀǇŀōƭŜ ƻŦ ŘŜƭƛǾŜǊƛƴƎ ǘƘŜǎŜ ǿŜŀǇƻƴǎΣ ŀƴŘ όōύ Ƴŀȅ ƴƻǘ ōŜ ǊŜπŜȄǇƻǊǘŜŘ ƻǊ ƻǘƘŜǊǿƛǎŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ 
ŀ ǘƘƛǊŘ ǇŀǊǘȅ ǿƘƻ ƛǎ ƪƴƻǿƴ ƻǊ ǎǳǎǇŜŎǘŜŘ ǘƻ ōŜ ƛƴǾƻƭǾŜŘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƴǳŎƭŜŀǊΣ ōƛƻƭƻƎƛŎŀƭ ƻǊ ŎƘŜƳƛŎŀƭ ǿŜŀǇƻƴǎΣ ƻǊ ƳƛǎǎƛƭŜǎ ŎŀǇŀōƭŜ ƻŦ ŘŜƭƛǾŜǊƛƴƎ ǘƘŜǎŜ 
ǿŜŀǇƻƴǎΣ ƻǊ ǘƻ ŀƴȅ ǎŀƴŎǘƛƻƴŜŘ ǇŜǊǎƻƴǎ ƻǊ ŜƴǘƛǘƛŜǎΦ  

Further Information 

To request other materials, documentation, and information, contact your local Lattice Semiconductor sales office or visit the Lattice Semiconductor 
web site at ǿǿǿΦƭŀǘǘƛŎŜǎŜƳƛΦŎƻƳ. 

Disclaimers 

¢ƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƻƴ ŀƴ ά!{ L{έ ōŀǎƛǎΦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎ ŘƛǎŎƭŀƛƳ ŀƭƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ŀƴŘ ǿŀǊǊŀƴǘƛŜǎ 
όŜȄǇǊŜǎǎΣ ƛƳǇƭƛŜŘΣ ǎǘŀǘǳǘƻǊȅ ƻǊ ƻǘƘŜǊǿƛǎŜύΣ ƛƴŎƭǳŘƛƴƎ ōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΥ όƛύ ŀƭƭ ƛƳǇƭƛŜŘ ǿŀǊǊŀƴǘƛŜǎ ƻŦ ƳŜǊŎƘŀƴǘŀōƛƭƛǘȅΣ ŦƛǘƴŜǎǎ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǇǳǊǇƻǎŜΣ 
ŀƴŘκƻǊ ƴƻƴπƛƴŦǊƛƴƎŜƳŜƴǘ ƻŦ ǘƘƛǊŘ ǇŀǊǘȅ ǊƛƎƘǘǎΤ όƛƛύ ŀƭƭ ǿŀǊǊŀƴǘƛŜǎ ŀǊƛǎƛƴƎ ƻǳǘ ƻŦ ŎƻǳǊǎŜπƻŦπŘŜŀƭƛƴƎΣ ǳǎŀƎŜΣ ŀƴŘκƻǊ ǘǊŀŘŜΤ ŀƴŘ όƛƛƛύ ŀƭƭ ǿŀǊǊŀƴǘƛŜǎ ǘƘŀǘ ǘƘŜ 
ƛƴŦƻǊƳŀǘƛƻƴ ƻǊ ǊŜǎǳƭǘǎ ǇǊƻǾƛŘŜŘ ƛƴΣ ƻǊ ǘƘŀǘ Ƴŀȅ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǳǎŜ ƻŦΣ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ŀŎŎǳǊŀǘŜΣ ǊŜƭƛŀōƭŜΣ ŎƻƳǇƭŜǘŜΣ ǳǇπǘƻπŘŀǘŜΣ ƻǊ ǇǊƻŘǳŎŜ ǎǇŜŎƛŦƛŎ 
ƻǳǘŎƻƳŜǎΦ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎ ŀǎǎǳƳŜ ƴƻ ƭƛŀōƛƭƛǘȅ ƻǊ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ŀƴȅ ŜǊǊƻǊǎ ƻǊ ƻƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎΣ 
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Products and Services 

¢ƘŜ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ ŀƴȅ ƻǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴΣ ǎŜǊǾƛŎŜǎΣ ŘŜǎƛƎƴǎΣ ƪƴƻǿπƘƻǿ ŀƴŘκƻǊ ǇǊƻŘǳŎǘǎ ǇǊƻǾƛŘŜŘ ōȅ [ŀǘǘƛŎŜ 
{ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘκƻǊ ƛǘǎ ŀŦŦƛƭƛŀǘŜǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƻƴ ά!{ L{έ ōŀǎƛǎΣ ŜȄŎŜǇǘ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ǘƘŀǘ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ /ƻǊǇƻǊŀǘƛƻƴ ŀƴŘκƻǊ ƛǘǎ 
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Acronyms in This Document 
A list of acronyms used in this document. 

Acronym Definition 

DFF D-style Flip-Flop 

DSP Digital Signal Processor 

EBR Embedded Block RAM 

HFOSC High Frequency Oscillator 

I2C Inter-Integrated Circuit 

LFOSC Low Frequency Oscillator 

LUT Look Up Table 

LVCMOS Low-Voltage Complementary Metal Oxide Semiconductor 

NVCM Non Volatile Configuration Memory 

PCLK Primary Clock 

PFU Programmable Functional Unit 

PIC Programmable I/O Cells 

PLB Programmable Logic Blocks 

PLL Phase Locked Loops 

SoC System on a Chip 

SPI Serial Peripheral Interface 

SPR Single Port RAM 

WLCSP Wafer Level Chip Scale Packaging 
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1. General Description 
iCE40 UltraPlusϰ family from Lattice Semiconductor is 
an ultra-low power FPGA and sensor manager 
designed for ultra-low power mobile applications, such 
as smartphones, tablets and hand-held devices. iCE40 
UltraPlus is compatible with Lattice's iCE40 Ultra family 
devices, containing all the functions iCE40 Ultra family 
has except the high current IR LED driver. In addition, 
the iCE40 UltraPlus features an additional 1 Mb SRAM, 
additional DSP blocks, with additional LUTs, all which 
can be used to support an always-on Voice Recognition 
function in the mobile devices, without the need to 
keep the higher power consuming voice codec on all 
the time. 

The iCE40 UltraPlus family includes integrated SPI and 
I2C blocks to interface with virtually all mobile sensors 
and application processors. In addition, the iCE40 
UltraPlus family also features two I/O pins that can 
support the interface to I3C devices. There are two  
on-chip oscillators, 10 kHz and 48 MHz, the LFOSC 
(10 kHz) is ideal for low power function in always-on 
applications, while HFOSC (48 MHz) can be used for 
awaken activities. 

The iCE40 UltraPlus family also features DSP functional 
block to off-load Application Processor to pre-process 
information sent from the mobile device, such as voice 
data. The RGB PWM IP, with the three 24 mA constant 
current RGB outputs on the iCE40 UltraPlus provides 
all the necessary logic to directly drive the service LED, 
without the need of external MOSFET or buffer. 

The iCE40 UltraPlus family of devices are targeting for 
mobile applications to perform all the functions in 
iCE40 Ultra devices, such as Service LED, GPIO 
Expander, SDIO Level Shift, and other custom 
functions. In addition, the iCE40 UltraPlus family 
devices are also targeting for Voice Recognition 
application. 

The iCE40 UltraPlus family features two device 
densities, 2800 to 5280 Look Up Tables (LUTs) of logic 
with programmable I/Os that can be used as either 
SPI/I2/ ƛƴǘŜǊŦŀŎŜ ǇƻǊǘǎ ƻǊ ƎŜƴŜǊŀƭ ǇǳǊǇƻǎŜ LκhΩǎΦ ¢ǿƻ ƻŦ 
the iCE40 UltraPlus I/Os can be used to interface to 
higher performance I3C. It also has up to 120 kb of 
Block RAMs, plus 1024 kb of Single Port SRAMs to work 
with user logic. 

1.1. Features 
¶ Flexible Logic Architecture 

¶ ¢ǿƻ ŘŜǾƛŎŜǎ ǿƛǘƘ нулл ǘƻ рнул [¦¢ǎ 

¶ hŦŦŜǊŜŘ ƛƴ ²[/{ ŀƴŘ vCb ǇŀŎƪŀƎŜǎ 

¶ Ultra-low Power Devices 

¶ !ŘǾŀƴŎŜŘ пл ƴƳ ƭƻǿ ǇƻǿŜǊ ǇǊƻŎŜǎǎ 

¶ !ǎ ƭƻǿ ŀǎ млл ҡ! ǎǘŀƴŘōȅ ŎǳǊǊŜƴǘ ǘȅǇƛŎŀƭ 

¶ Embedded Memory 

¶ ¦Ǉ ǘƻ млнп ƪō {ƛƴƎƭŜ tƻǊǘ {w!a 

¶ ¦Ǉ ǘƻ мнл ƪō ǎȅǎa9aϰ 9ƳōŜŘŘŜŘ .ƭƻŎƪ w!a 

¶ Two Hardened I2C Interfaces 

¶ ¢ǿƻ Lκh Ǉƛƴǎ ǘƻ ǎǳǇǇƻǊǘ Lо/ ƛƴǘŜǊŦŀŎŜ 

¶ Two Hardened SPI Interfaces 

¶ Two On-Chip Oscillators 

¶ [ƻǿ CǊŜǉǳŜƴŎȅ hǎŎƛƭƭŀǘƻǊ ς мл ƪIȊ 

¶ IƛƎƘ CǊŜǉǳŜƴŎȅ hǎŎƛƭƭŀǘƻǊ ς пу aIȊ 

¶ 24 mA Current Drive RGB LED Outputs 

¶ ¢ƘǊŜŜ ŘǊƛǾŜ ƻǳǘǇǳǘǎ ƛƴ ŜŀŎƘ ŘŜǾƛŎŜ 

¶ ¦ǎŜǊ ǎŜƭŜŎǘŀōƭŜ ǎƛƴƪ ŎǳǊǊŜƴǘ ǳǇ ǘƻ нп Ƴ! 

¶ On-chip DSP 

¶ {ƛƎƴŜŘ ŀƴŘ ǳƴǎƛƎƴŜŘ уπōƛǘ ƻǊ мсπōƛǘ ŦǳƴŎǘƛƻƴǎ 

¶ CǳƴŎǘƛƻƴǎ ƛƴŎƭǳŘŜ aǳƭǘƛǇƭƛŜǊΣ !ŎŎǳƳǳƭŀǘƻǊΣ ŀƴŘ 
aǳƭǘƛǇƭȅπ!ŎŎǳƳǳƭŀǘŜ όa!/ύ 

¶ Flexible On-Chip Clocking 

¶ 9ƛƎƘǘ ƭƻǿ ǎƪŜǿ Ǝƭƻōŀƭ ǎƛƎƴŀƭ ǊŜǎƻǳǊŎŜΣ ǎƛȄ Ŏŀƴ 
ōŜ ŘƛǊŜŎǘƭȅ ŘǊƛǾŜƴ ŦǊƻƳ ŜȄǘŜǊƴŀƭ Ǉƛƴǎ 

¶ hƴŜ t[[ ǿƛǘƘ ŘȅƴŀƳƛŎ ƛƴǘŜǊŦŀŎŜ ǇŜǊ ŘŜǾƛŎŜ 

¶ Flexible Device Configuration 

¶ {w!a ƛǎ ŎƻƴŦƛƎǳǊŜŘ ǘƘǊƻǳƎƘΥ 

¶ {ǘŀƴŘŀǊŘ {tL LƴǘŜǊŦŀŎŜ 

¶ LƴǘŜǊƴŀƭ bƻƴǾƻƭŀǘƛƭŜ /ƻƴŦƛƎǳǊŀǘƛƻƴ 
aŜƳƻǊȅ όb±/aύ 

¶ Ultra-Small Form Factor 

¶ !ǎ ǎƳŀƭƭ ŀǎ нΦмр ƳƳ Ҏ нΦрр ƳƳ 

¶ Applications 

¶ !ƭǿŀȅǎπhƴ ±ƻƛŎŜ wŜŎƻƎƴƛǘƛƻƴ !ǇǇƭƛŎŀǘƛƻƴ 

¶ {ƳŀǊǘǇƘƻƴŜǎ 

¶ ¢ŀōƭŜǘǎ ŀƴŘ /ƻƴǎǳƳŜǊ IŀƴŘƘŜƭŘ 5ŜǾƛŎŜǎ 

¶ IŀƴŘƘŜƭŘ /ƻƳƳŜǊŎƛŀƭ ŀƴŘ LƴŘǳǎǘǊƛŀƭ 5ŜǾƛŎŜǎ 

¶ aǳƭǘƛ {ŜƴǎƻǊ aŀƴŀƎŜƳŜƴǘ !ǇǇƭƛŎŀǘƛƻƴǎ 

¶ {ŜƴǎƻǊ tǊŜπǇǊƻŎŜǎǎƛƴƎ ŀƴŘ {ŜƴǎƻǊ Cǳǎƛƻƴ 

¶ !ƭǿŀȅǎπhƴ {ŜƴǎƻǊ !ǇǇƭƛŎŀǘƛƻƴǎ 

¶ ¦{. оΦм ¢ȅǇŜ / /ŀōƭŜ 5ŜǘŜŎǘ κ tƻǿŜǊ 5ŜƭƛǾŜǊȅ 
!ǇǇƭƛŎŀǘƛƻƴǎ 
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2. Product Family 
Table 2.1 lists device information and packages of the iCE40 UltraPlus family. 

Table 2.1. iCE40 UltraPlus Family Selection Guide 

Part Number iCE40UP3K iCE40UP5K 

Logic Cells (LUT + Flip-Flop) 2800 5280 

EBR Memory Blocks 20 30 

EBR Memory Bits (Kbits) 80 120 

SPRAM Memory Blocks 4 4 

SPRAM Memory Bits (Kbits) 1024 1024 

NVCM Yes Yes 

PLL 1 1 

DSP Blocks (MULT16 with 32-bit Accumulator 4 8 

Hardened I2C, SPI 2, 2 2, 2 

HF Oscillator (48 MHz) 1 1 

LF Oscillator (10 KHz) 1 1 

24 mA LED Sink 3 3 

PWM IP Block Yes Yes 

Packages, ball pitch, dimension Total User I/O Count 

30-ball WLCSP, 0.4 mm, 2.15 mm x 2.55 mm 21 21 

48-ball QFN, 0.5 mm, 7.0 mm x 7.0 mm - 39 

2.1. Overview 
The iCE40 UltraPlus family of ultra-low power FPGAs has three devices with densities ranging from 2800 to 5280 Look-
Up Tables (LUTs) fabricated in a 40 nm Low Power CMOS process. In addition to LUT-based, low-cost programmable 
logic, these devices also feature Embedded Block RAM (EBR), Single Port RAM (SPRAM), on-chip Oscillators (LFOSC, 
HFOSC), two hardened I2C Controllers, two hardened SPI Controllers, PWM IP, three 24 mA RGB LED open-drain 
drivers, I3C interface pins, and DSP blocks. These features allow the devices to be used in low-cost, high-volume 
consumer and mobile applications. 

The iCE40 UltraPlus FPGAs are available in very small form factor packages, as small as 2.15 mm x 2.55 mm. The small 
form factor allows the device to easily fit into a lot of mobile applications, where space can be limited. Table 2.1 lists 
the LUT densities, package and I/O pin count. 

The iCE40 UltraPlus devices offer I/O features such as pull-up resistors. Pull-ǳǇ ŦŜŀǘǳǊŜǎ ŀǊŜ ŎƻƴǘǊƻƭƭŀōƭŜ ƻƴ ŀ άǇŜǊ Ǉƛƴέ 
basis. In addition, the iCE40 UltraPlus devices offer two I/Os with dynamic control on the pull-up resistors to support 
I3C interface. 

The RGB PWM IP in the iCE40 UltraPlus devices provides controls for driving the 24 mA LED Sink driver, including color 
controls, LED ON/OFF time, and breathe rate. 

The iCE40 UltraPlus devices also provide flexible, reliable and secure configuration from on-chip NVCM. These devices 
can also configure themselves from external SPI Flash, or be configured by an external master such as a CPU. 
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Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the iCE40 
UltraPlus family of devices. Popular logic synthesis tools provide synthesis library support for iCE40 UltraPlus. Lattice 
design tools use the synthesis tool output along with the user-specified preferences and constraints to place and route 
the design in the iCE40 UltraPlus device. These tools extract the timing from the routing and back-annotate it into the 
design for timing verification. 

Lattice provides many pre-engineered IP (Intellectual Property) modules, including a number of reference designs, 
licensed free of charge, optimized for the iCE40 UltraPlus FPGA family. Lattice also can provide fully verified bitstream 
for some of the widely used target functions in mobile device applications, such as ultra-low power sensor 
management, gesture recognition, IR remote, barcode emulator functions. Users can use these functions as offered by 
Lattice, or they can use the design to create their own unique required functions. For more information regarding 
Lattice's reference designs or fully-verified bitstreams, contact your local Lattice representative. 
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3. Architecture 

3.1. Architecture Overview 
The iCE40 UltraPlus family architecture contains an array of Programmable Logic Blocks (PLB), two Oscillator 
Generators, two user configurable I2C controllers, two user configurable SPI controllŜǊǎΣ ōƭƻŎƪǎ ƻŦ ǎȅǎa9aϰ Embedded 
Block RAM (EBR) and Single Port RAM (SPRAM) surrounded by Programmable I/O (PIO). Figure 3.1 shows the block 
diagram of the iCE40UP5K device. 
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Figure 3.1. iCE40UP5K Device, Top View 

The Programmable Logic Blocks (PLB) and sysMEM EBR blocks, are arranged in a two-dimensional grid with rows and 
columns. Each column has either PLB or EBR blocks. The PIO cells are located at the top and bottom of the device, 
arranged in banks. The PLB contains the building blocks for logic, arithmetic, and register functions. The PIOs utilize a 
flexible I/O buffer referred to as a sysIO buffer that supports operation with a variety of interface standards. The blocks 
are connected with many vertical and horizontal routing channel resources. The place and route software tool 
automatically allocates these routing resources. 

In the iCE40 UltraPlus family, there are three sysIO banks, one on top and two at the bottom. User can connect some 
VCCIOs together, if all the I/Os are using the same voltage standard. See the Power-up Supply Sequence section. The 
sysMEM EBRs are large 4 kb, dedicated fast memory blocks. These blocks can be configured as RAM, ROM or FIFO with 
user logic using PLBs. 

In addition to the EBR, the iCE40 UltraPlus devices also feature four 256 kb SPRAM blocks that can be cascaded to 
create up to 1 Mb block. It is useful for temporary storage of large quantities of information. 
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Every device in the family has two user SPI ports, one of these (right side) SPI ports also supports programming and 
configuration of the device. The iCE40 UltraPlus also includes two user I2C ports, two oscillators, and high current RGB 
LED sink. 

3.1.1. PLB Blocks 

The core of the iCE40 UltraPlus device consists of Programmable Logic Blocks (PLB) which can be programmed to 
perform logic and arithmetic functions. Each PLB consists of eight interconnected Logic Cells (LC) as shown in  
Figure 3.2. Each LC contains one LUT and one register.  

= Statically defined by configuration program

LUT

Carry Logic

Logic Cell
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D Q

DFF

Flip-flop with 
optional enable and 
set or reset controls

Four-input
Look-Up Table
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Set/Reset
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Logic Block (PLB) 
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I2

I3
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1

0

 

Figure 3.2. PLB Block Diagram 

[ƻƎƛŎ /Ŝƭƭǎ 

Each Logic Cell includes three primary logic elements shown in Figure 3.2. 

¶ A four-input Look-Up Table (LUT) builds any combinational logic function, of any complexity, requiring up to four 
inputs. Similarly, the LUT element behaves as a 16x1 Read-Only Memory (ROM). Combine and cascade multiple 
LUTs to create wider logic functions. 

¶ ! Ψ5Ω-style Flip-Flop (DFF), with an optional clock-enable and reset control input, builds sequential logic functions. 
Each DFF also connects to a global reset signal that is automatically asserted immediately following device 
configuration. 

¶ Carry Logic boosts the logic efficiency and performance of arithmetic functions, including adders, subtracters, 
comparators, binary counters and some wide, cascaded logic functions. 

Table 3.1 lists the logic cell signals. 

Table 3.1. Logic Cell Signal Descriptions 

Function Type Signal Name Description 

Input Data signal I0, I1, I2, I3 Inputs to LUT 

Input Control signal Enable Clock enable shared by all LCs in the PLB 

Input Control signal Set/Reset* Asynchronous or synchronous local set/reset shared by 
all LCs in the PLB. Input Control signal Clock Clock one of the eight Global Buffers, or from the 
general-purpose interconnects fabric shared by all LCs 
in the PLB 
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Function Type Signal Name Description 

Input Inter-PLB signal FCIN Fast carry in 

Output Data signals O LUT or registered output 

Output Inter-PFU signal FCOUT Fast carry out 

*Note: If Set/Reset is not used, then the flip-flop is never set/reset, except when cleared immediately after configuration. 

3.1.2. Routing 

There are many resources provided in the iCE40 UltraPlus devices to route signals individually with related control 
signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments. 

The inter-PLB connections are made with three different types of routing resources: Adjacent (spans two PLBs), x4 
(spans five PLBs) and x12 (spans thirteen PLBs). The Adjacent, x4 and x12 connections provide fast and efficient 
connections in the diagonal, horizontal and vertical directions. 

The design tool takes the output of the synthesis tool and places and routes the design. 

3.1.3. Clock/Control Distribution Network 

Each iCE40 UltraPlus device has six global inputs, two pins on the top bank and four pins on the bottom bank. 

These global inputs can be used as high fanout nets, clock, reset or enable signals. The dedicated global pins are 
identified as Gxx and each drives one of the eight global buffers. The global buffers are identified as GBUF[7:0]. These 
six inputs may be used as general purpose I/O if they are not used to drive the clock nets. 

Table 3.2 lists the connections between a specific global buffer and the inputs on a PLB. All global buffers optionally 
connect to the PLB CLK input. Any four of the eight global buffers can drive logic inputs to a PLB. Even-numbered global 
buffers optionally drive the Set/Reset input to a PLB. Similarly, odd-numbered buffers optionally drive the PLB clock-
enable input. GBUF[7:6, 3:0] can connect directly to G[7:6, 3:0] pins respectively. GBUF4 and GBUF5 can connect to the 
two on-chip Oscillator Generators (GBUF4 connects to LFOSC, GBUF5 connects to HFOSC). 

Table 3.2. Global Buffer (GBUF) Connections to Programmable Logic Blocks 

Global Buffer LUT Inputs Clock Reset Clock Enable 

GBUF0 

Yes, any 4 of 8 GBUF 
Inputs 

V V τ 

GBUF1 V τ V 

GBUF2 V V τ 

GBUF3 V τ V 

GBUF4 V V τ 

GBUF5 V τ V 

GBUF6 V V τ 

GBUF7 V τ V 

 

The maximum frequency for the global buffers are listed in Table 4.21. 

Dƭƻōŀƭ Iƛπ½ /ƻƴǘǊƻƭ 

The global high-impedance control signal, GHIZ, connects to all I/O pins on the iCE40 UltraPlus device. This GHIZ signal 
is automatically asserted throughout the configuration process, forcing all user I/O pins into their high-impedance 
state. 

Dƭƻōŀƭ wŜǎŜǘ /ƻƴǘǊƻƭ 

The global reset control signal connects to all PLB and PIO flip-flops on the iCE40 UltraPlus device. The global reset 
signal is automatically asserted throughout the configuration process, forcing all flip-flops to their defined wake-up 
state. For PLB flip-flops, the wake-up state is always reset, regardless of the PLB flip-flop primitive used in the 
application. 
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3.1.4. sysCLOCK Phase Locked Loops (PLLs) 

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The iCE40 UltraPlus devices have one sysCLOCK 
PLL. REFERENCECLK is the reference frequency input to the PLL and its source can come from an external I/O pin, the 
internal Oscillator Generators from internal routing. EXTFEEDBACK is the feedback signal to the PLL which can come 
from internal routing or an external I/O pin. The feedback divider is used to multiply the reference frequency and thus 
synthesize a higher frequency clock output. 

The PLLOUT output has an output divider, thus allowing the PLL to generate different frequencies for each output. The 
output divider can have a value from 1 to 64 (in increments of 2X). The PLLOUT outputs can all be used to drive the 
iCE40 UltraPlus global clock network directly or general purpose routing resources can be used. 

The LOCK signal is asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is detected. A 
block diagram of the PLL is shown in Figure 3.3. 

The timing of the device registers can be optimized by programming a phase shift into the PLLOUT output clock which 

will advance or delay the output clock with reference to the REFERENCECLK clock. This phase shift can be either 

programmed during configuration or can be adjusted dynamically. In dynamic mode, the PLL may lose lock after a phase 

adjustment on the output used as the feedback source and not relock until the tLOCK parameter has been satisfied. 

There is an additional feature in the iCE40 UltraPlus PLL. There are two FPGA controlled inputs, SCLK and SDI, that 
allows the user logic to serially shift in data thru SDI, clocked by SCLK clock. The data shifted in would change the 
configuration settings of the PLL. This feature allows the PLL to be time multiplexed for different functions, with 
different clock rates. After the data is shifted in, user would simply pulse the RESET input of the PLL block, and the PLL 
will re-lock with the new settings. For more details, refer to TN1251, iCE40 sysCLOCK PLL Design and Usage Guide.  
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Figure 3.3. PLL Diagram 

Table 3.3 provides signal descriptions of the PLL block. 
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Table 3.3. PLL Signal Descriptions 

Signal Name Direction Description 

REFERENCECLK Input Input reference clock 

BYPASS Input The BYPASS control selects which clock signal connects to the PLLOUT output. 

0 ς PLL generated signal  

1 ς REFERENCECLK 

EXTFEEDBACK Input External feedback input to PLL. Enabled when the FEEDBACK_PATH attribute is set 
to EXTERNAL. 

DYNAMICDELAY[7:0] Input Fine delay adjustment control inputs. Enabled when DELAY_ADJUSTMENT_MODE 
is set to DYNAMIC. 

LATCHINPUTVALUE Input When enabled, puts the PLL into low-power mode; PLL output is held static at the 
last input clock value. Set ENABLE ICEGATEψthw¢! ŀƴŘ thw¢. ǘƻ ΨмΩ ǘƻ ŜƴŀōƭŜΦ 

PLLOUTGLOBAL Output Output from the Phase-Locked Loop (PLL). Drives a global clock network on the 
FPGA. The port has optimal connections to global clock buffers GBUF4 and GBUF5. 

PLLOUTCORE Output Output clock generated by the PLL, drives regular FPGA routing. The frequency 
generated on this output is the same as the frequency of the clock signal generated 
on the PLLOUTLGOBAL port. 

LOCK Output When High, indicates that the PLL output is phase aligned or locked to the input 
reference clock. 

RESET Input Active low reset. 

SCLK Input Input, Serial Clock used for re-programming PLL settings. 

SDI Input Input, Serial Data used for re-programming PLL settings. 

 

3.1.5. sysMEM Embedded Block RAM Memory 

Larger iCE40 UltraPlus device includes multiple high-speed synchronous sysMEM Embedded Block RAMs (EBRs), each  
4 kbit in size. This memory can be used for a wide variety of purposes including data buffering and FIFO. 

ǎȅǎa9a aŜƳƻǊȅ .ƭƻŎƪ 

The sysMEM block can implement single port, pseudo dual port, or FIFO memories with programmable logic resources. 
Each block can be used in a variety of depths and widths as listed in Table 3.4. 
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Table 3.4. sysMEM Block Configurations 

Block RAM 
Configuration 

Block RAM 
Configuration 

and Size 

WADDR Port  
Size (Bits) 

WDATA Port  
Size (Bits) 

RADDR Port  
Size (Bits) 

RDATA Port  
Size (Bits) 

MASK Port  
Size (Bits) 

SB_RAM256x16 
SB_RAM256x16NR 
SB_RAM256x16NW 
SB_RAM256x16NRNW 

256x16 (4 k) 8 [7:0] 16 [15:0] 8 [7:0] 16 [15:0] 16 [15:0] 

SB_RAM512x8 
SB_RAM512x8NR 
SB_RAM512x8NW 
SB_RAM512x8NRNW 

512x8 (4 k) 9 [8:0] 8 [7:0] 9 [8:0] 8 [7:0] No Mask Port 

SB_RAM1024x4 
SB_RAM1024x4NR 
SB_RAM1024x4NW 
SB_RAM1024x4NRNW 

1024x4 (4 k) 10 [9:0] 4 [3:0] 10 [9:0] 4 [3:0] No Mask Port 

SB_RAM2048x2 
SB_RAM2048x2NR 
SB_RAM2048x2NW 
SB_RAM2048x2NRNW 

2048x2 (4 k) 11 [10:0] 2 [1:0] 11 [10:0] 2 [1:0] No Mask Port 

Note: CƻǊ ƛ/9пл ¦ƭǘǊŀtƭǳǎΣ ǘƘŜ ǇǊƛƳƛǘƛǾŜ ƴŀƳŜ ǿƛǘƘƻǳǘ άbȄȄέ ǳǎŜǎ ǊƛǎƛƴƎ-edge Read and Write clocƪǎΦ  άbwέ ǳǎŜǎ ǊƛǎƛƴƎ-edge Write 
clock and falling-ŜŘƎŜ wŜŀŘ ŎƭƻŎƪΦ  άb²έ ǳǎŜǎ ŦŀƭƭƛƴƎ-edge Write clock and rising-ŜŘƎŜ wŜŀŘ ŎƭƻŎƪΦ  άbwb²έ ǳǎŜǎ ŦŀƛƭƛƴƎ-edge clocks 
on both Read and Write. 

w!a LƴƛǘƛŀƭƛȊŀǘƛƻƴ ŀƴŘ wha hǇŜǊŀǘƛƻƴ 

If desired, the contents of the RAM can be pre-loaded during device configuration. 

By preloading the RAM block during the chip configuration cycle and disabling the write controls, the sysMEM block 
can also be utilized as a ROM. 

aŜƳƻǊȅ /ŀǎŎŀŘƛƴƎ 

Larger and deeper blocks of RAM can be created using multiple EBR sysMEM Blocks. 

w!aпƪ .ƭƻŎƪ 

Figure 3.4 shows the 256x16 memory configurations and their input/output names. In all the sysMEM RAM modes, the 
input data and addresses for the ports are registered at the input of the memory array. 

WCLK

WE RE

WCLKE RCLKE

RCLK

WDATA[15:0] RDATA[15:0]

MASK[15:0]

WADDR[7:0] RADDR[7:0]

Write Port Read Port

RAM4K 
RAM Block
(256x16)

 

Figure 3.4. sysMEM Memory Primitives 
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Table 3.5 lists the EBR signals. 

Table 3.5. EBR Signal Descriptions 

Signal Name Direction Description 

WDATA[15:0] Input Write Data input. 

MASK[15:0] Input Masks write operations for individual data bit-lines.  

0 ς Write bit 

1 ς Do not write bit 

WADDR[7:0] Input Write Address input. Selects one of 256 possible RAM locations. 

WE Input Write Enable input. 

WCLKE Input Write Clock Enable input. 

WCLK Input Write Clock input. Default rising-edge, but with falling-edge option. 

RDATA[15:0] Output Read Data output. 

RADDR[7:0] Input Read Address input. Selects one of 256 possible RAM locations. 

RE Input Read Enable input. 

RCLKE Input Read Clock Enable input. 

RCLK Input Read Clock input. Default rising-edge, but with falling-edge option. 

For further information on the sysMEM EBR block, refer to TN1250, Memory Usage Guide for iCE40 Devices. 

3.1.6. sysMEM Single Port RAM Memory (SPRAM) 

The SPRAM block is implemented to be accessed only as single port. Each block of SPRAM is designed to be 16K x 16 
(256 kbits) in size. See Figure 3.5. 

{tw!a 5ŀǘŀ ²ƛŘǘƘ 

The SPRAM is designed with fixed 16-bit data width. However, the block contains nibble mask control on the write 
input that allows the user logic to operate the SPRAM as x4 or x8 with this control on the write side, and user logic to 
select which nibble/byte in the read side. 

{tw!a LƴƛǘƛŀƭƛȊŀǘƛƻƴ ŀƴŘ wha hǇŜǊŀǘƛƻƴ 

There is no pre-load into the SPRAM during device configuration, therefore, the SPRAM is not initialized after 
configuration. 

{tw!a /ŀǎŎŀŘƛƴƎ 

Deeper SPRAM can be created using multiple SPRAM blocks, up to four blocks (64K x 16) 

{tw!a tƻǿŜǊ aƻŘŜǎ 

There are three power modes in the SPRAM that the users can select during normal operation. This reduces the SPRAM 
block power when it Is not needed, allow lower power consumption in an always-on application. These modes are: 

¶ Standby Mode: SPRAM stops all activity, and SPRAM freezes in its current state. Memory contents are retained, 
memory outputs are retained, and all register contents are retained. 

¶ Sleep Mode: SPRAM block is shut down on all peripheral circuit, except the memory core. Memory contents are 
retained, memory outputs and register contents are clear and become unknown. 

¶ Power Off Mode: Power source to the SPRAM is disconnected. This is the lowest power state. Memory contents 
are lost. Memory outputs are unknown. 
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Figure 3.5. SPRAM Primitive 
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Table 3.6. SPRAM Signal Descriptions 

Signal Name Direction Description 

ADDRESS[13:0] Input Address input 

DATAIN[15:0] Input Write Data input 

MASKWREN[3:0] Input Nibble WE control 

WREN Input Write Enable 

CHIPSELECT Input Enable SPRAM 

CLOCK Input Clock input 

STANDY Input Standby Mode 

SLEEP Input Sleep Mode 

POWEROFF Input Switch off power source to SPRAM 

DATAOUT[15:0] Output Output Data 

 

For further information on sysMEM SPRAM block, refer to TN1314, iCE40 SPRAM Usage Guide. 

3.1.7. sysDSP 

The iCE40 UltraPlus family provides an efficient sysDSP architecture that is very suitable for low-cost Digital Signal 
Processing (DSP) functions for mobile applications. Typical functions used in these applications are Multiply, 
Accumulate, and Multiply-Accumulate. The block can also be used for simple Add and Subtract functions. 

ƛ/9пл ¦ƭǘǊŀtƭǳǎ ǎȅǎ5{t !ǊŎƘƛǘŜŎǘǳǊŜ CŜŀǘǳǊŜǎ 

The iCE40 UltraPlus sysDSP supports many functions that include the following: 

¶ Single 16-bit x 16-bit Multiplier, or two independent 8-bit x 8-bit Multipliers 

¶ Optional independent pipeline control on Input Register, Output Register, and Intermediate Reg faster clock 
performance 

¶ Single 32-bit Accumulator, or two independent 16-bit Accumulators 

¶ Single 32-bit, or two independent 16-bit Adder/Subtracter functions, registered or asynchronous 

¶ Cascadable to create wider Accumulator blocks 

Figure 3.6 shows the block diagram of the sysDSP block. The block consists of the Multiplier section with a bypassable 
Output register, Input Register, and Intermediate register between Multiplier and AC timing to achieve the highest 
performance. 
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Figure 3.6. sysDSP Functional Block Diagram (16-bit x 16-bit Multiply -Accumulate) 

Table 3.7. Output Block Port Description 

Signal 
Primitive  
Port Name 

Width 
Input/  

Output 
Function Default 

CLK CLK 1 Input Clock Input. Applies to all clocked elements in the 
sysDSP block 

τ 

ENA CE 1 Input Clock Enable Input. Applies to all clocked elements 
in the sysDSP block. 

0 ς Not enabled  
1 ς Enabled 

0 ς Enabled 

A[15:0] A[15:0] 16 Input Input to the A Register. Feeds the Multiplier or is a 
direct input to the Adder Accumulator 

16'b0 

B[15:0] B[15:0] 16 Input Input to the B Register. Feeds the Multiplier or is a 
direct input to the Adder Accumulator 

16'b0 

C[15:0] C[15:0] 16 Input Input to the C Register. It is a direct input to the 
Adder Accumulator 

16'b0 

D[15:0] D[15:0] 16 Input Input to the D Register. It is a direct input to the 
Adder Accumulator 

16'b0 

AHLD AHOLD 1 Input A Register Hold.  

0 ς Update 

1 ς Hold 

0 ς Update 
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¢ŀōƭŜ оΦтΦ hǳǘǇǳǘ .ƭƻŎƪ tƻǊǘ 5ŜǎŎǊƛǇǘƛƻƴ ό/ƻƴǘƛƴǳŜŘύ 

Signal 
Primitive  
Port Name 

Width 
Input/  

Output 
Function Default 

BHLD BHOLD 1 Input B Register Hold. 

0 ς Update 

1 ς Hold 

0 ς Update 

CHLD CHOLD 1 Input C Register Hold.  

0 ς Update 

1 ς Hold 

0 ς Update 

DHLD DHOLD 1 Input D Register Hold.  

0 ς Update 

1 ς Hold 

0 ς Update 

IHRST IRSTTOP 1 Input Reset input to A and C input registers, and the 
pipeline registers in the upper half of the Multiplier 
Section. 

0 ς No reset  

1 ς Reset 

0 ς No reset 

ILRST IRSTBOT 1 Input Reset input to B and D input registers, and the 
pipeline registers in the lower half of the Multiplier 
Section. It also resets the Multiplier result pipeline 
register. 

0 ς No reset  

1 ς Reset 

0 ς No reset 

O[31:0] O[31:0] 32 Output Output of the sysDSP block. This output can be: 

¶ O[31:0] ς 32-bit result of 16x16 Multiplier or 
MAC 

¶ O[31:16] ς 16-bit result of 8x8 upper half 
Multiplier or MAC 

¶ O[15:0] ς 16-bit result of 8x8 lower half 
Multiplier or MAC 

τ 

OHHLD OHOLDTOP 1 Input High-order (upper half) Accumulator Register Hold.  

0 ς Update 

1 ς Hold 

0 ς Update 

OHRST ORSTTOP 1 Input Reset input to high-order (upper half) bits of the 
Accumulator Register. 

0 ς No reset  

1 ς Reset 

0 ς No reset 

OHLDA OLOADTOP 1 Input High-order (upper half) Accumulator Register 
Accumulate/Load control. 

0 ς Accumulate, register is loaded with 
Adder/Subtracter results 

1 ς Load, register is loaded with Input C or C Register 

0 ς  
Accumulate 

OHADS ADDSUBTOP 1 Input High-order (upper half) Accumulator Add or Subtract 
select. 

0 ς Add 

1 ς Subtract 

0 ς Add 

OLHLD OHOLDBOT 1 Input Low-order (lower half) Accumulator Register Hold.  

0 ς Update 

1 ς Hold 

0 ς Update 

OLRST ORSTBOT 1 Input Reset input to Low-order (lower half) bits of the 
Accumulator Register. 

0 ςNo reset 

1 ς Reset 

0 ς No reset 
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¢ŀōƭŜ оΦтΦ hǳǘǇǳǘ .ƭƻŎƪ tƻǊǘ 5ŜǎŎǊƛǇǘƛƻƴ ό/ƻƴǘƛƴǳŜŘύ 

Signal 
Primitive  
Port Name 

Width 
Input/  

Output 
Function Default 

OLLDA OLOADBOT 1 Input Low-order (lower half) Accumulator Register 
Accumulate/Load control. 

0 ς Accumulate, register is loaded with 
Adder/Subtracter results 

1 ς Load, register is loaded with Input C or C Register 

0 ς  
Accumulate 

OLADS ADDSUBBOT 1 Input Low-order (lower half) Accumulator Add or Subtract 
select. 

0 ς Add 

1 ς Subtract 

0 ς Add 

CICAS ACCUMCI 1 Input Cascade Carry/Borrow input from previous sysDSP 
block 

τ 

CI CI 1 Input Carry/Borrow input from lower logic tile τ 

COCAS ACCUMCO 1 Output Cascade Carry/Borrow output to next sysDSP block τ 

CO CO 1 Output Carry/Borrow output to higher logic tile τ 

SIGNEXTIN SIGNEXTIN 1 Input Sign extension input from previous sysDSP block τ 

SIGNEXTOUT SIGNEXTOUT 1 Output Sing extension output to next sysDSP block τ 

 

The iCE40 UltraPlus sysDSP can support the following functions: 

¶ 8-bit x 8-bit Multiplier 

¶ 16-bit x 16-bit Multiplier 

¶ 16-bit Adder/Subtracter 

¶ 32-bit Adder/Subtracter 

¶ 16-bit Accumulator 

¶ 32-bit Accumulator 

¶ 8-bit x 8-bit Multiply-Accumulate 

¶ 16-bit x 16-bit Multiply-Accumulate 

Figure 3.7 on the next page shows the path for an 8-bit x 8-bit Multiplier using the upper half of sysDSP block. 
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Figure 3.7. sysDSP 8-bit x 8-bit Multiplier  

Figure 3.8 shows the path for an 16-bit x 16-bit Multiplier using the upper half of sysDSP block. 
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Figure 3.8. DSP 16-bit x 16-bit Multiplier  

3.1.8. sysIO Buffer Banks 

iCE40 UltraPlus devices have up to three I/O banks with independent VCCIO rails. The configuration SPI interface signals 
are powered by SPI_VCCIO1. Refer to the Pin Information Summary table. 

tǊƻƎǊŀƳƳŀōƭŜ Lκh όtLhύ 

The programmable logic associated with an I/O is called a PIO. The individual PIOs are connected to their respective 
sysIO buffers and pads. The PIOs are placed on the top and bottom of the devices. 
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Figure 3.9. I/O Bank and Programmable I/O Cell 

¢ƘŜ tLh Ŏƻƴǘŀƛƴǎ ǘƘǊŜŜ ōƭƻŎƪǎΥ ŀƴ ƛƴǇǳǘ ǊŜƎƛǎǘŜǊ ōƭƻŎƪΣ ƻǳǘǇǳǘ ǊŜƎƛǎǘŜǊ ōƭƻŎƪ ƛ/9DŀǘŜϰ ŀƴŘ ǘǊƛ-state register block. To 
save power, the optional iCEGateTM latch can selectively freeze the state of individual, non-registered inputs within an 
I/O bank. Note that the freeze signal is common to the bank. These blocks can operate in a variety of modes along with 
the necessary clock and selection logic. 

LƴǇǳǘ wŜƎƛǎǘŜǊ .ƭƻŎƪ 

The input register blocks for the PIOs on all edges contain registers that can be used to condition high-speed interface 
signals before they are passed to the device core. 

hǳǘǇǳǘ wŜƎƛǎǘŜǊ .ƭƻŎƪ 

The output register block can optionally register signals from the core of the device before they are passed to the sysIO 
buffers. 

Figure 3.10 shows the input/output register block for the PIOs. 
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Figure 3.10. iCE I/O Register Block Diagram 

Table 3.8. PIO Signal List 

Pin Name I/O Type Description 

OUTPUT_CLK Input Output register clock 

CLOCK_ENABLE Input Clock enable 

INPUT_CLK Input Input register clock 

OUTPUT_ENABLE Input Output enable 

D_OUT_0/1 Input Data from the core 

D_IN_0/1 Output Data to the core 

LATCH_INPUT_VALUE Input Latches/holds the Input Value 
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3.1.9. sysIO Buffer 

Each I/O is associated with a flexible buffer referred to as a sysIO buffer. These buffers are arranged around the 
periphery of the device in groups referred to as banks. The sysIO buffers allow users to implement a wide variety of 
ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ŀǊŜ ŦƻǳƴŘ ƛƴ ǘƻŘŀȅΩǎ ǎȅǎǘŜƳǎ ǿƛǘƘ [±/ah{ ƛƴǘŜǊfaces. 

¢ȅǇƛŎŀƭ Lκh .ŜƘŀǾƛƻǊ 5ǳǊƛƴƎ tƻǿŜǊπǳǇ 

The internal power-on-reset (POR) signal is deactivated when VCC, SPI_VCCIO1 and VPP_2V5 reach the level defined in Table 
4.4. After the POR signal is deactivated, the FPGA core logic becomes active. You must ensure that all VCCIO banks are 

active with valid input logic levels to properly control the output logic states of all the I/O banks that are critical to the 
application. The default configuration of the I/O pins in a device prior to configuration is tri-stated with a weak pull-up 
to VCCIO. The I/O pins maintain the pre-configuration state until VCC, SPI_VCCIO1 and VPP_2V5 reach the defined levels. The 

I/Os take on the software user-configured settings only after POR signal is deactivated and the device performs a 
proper download/configuration. Unused I/Os are automatically blocked and the pull-up termination is disabled. 

{ǳǇǇƻǊǘŜŘ {ǘŀƴŘŀǊŘǎ 

The iCE40 UltraPlus sysIO buffer supports both single-ended input/output standards, and used as differential 
comparators. The buffer supports the LVCMOS 1.8 V, 2.5 V, and 3.3 V standards. The buffer has individually 
configurable options for bus maintenance (weak pull-up or none). 

Table 3.9 and Table 3.10 show the I/O standards (together with their supply and reference voltages) supported by the 
iCE40 UltraPlus devices. 

5ƛŦŦŜǊŜƴǘƛŀƭ /ƻƳǇŀǊŀǘƻǊǎ 

The iCE40 UltraPlus devices provide differential comparator on pairs of I/O pins. These comparators are useful in some 
mobile applications. See the Pin Information Summary section on page 46 to locate the corresponding paired I/Os with 
differential comparators. 

Table 3.9. Supported Input Standards 
 

I/O Standard 
VCCIO (Typical) 

3.3 V 2.5 V 1.8 V 

Single-Ended Interfaces 

LVCMOS33 Yes τ τ 

LVCMOS25 τ Yes τ 

LVCMOS18 τ τ Yes 

 

Table 3.10. Supported Output Standards 

I/O Standard VCCIO (Typical) 

Single-Ended Interfaces 

LVCMOS33 3.3 V 

LVCMOS25 2.5 V 

LVCMOS18 1.8 V 

 

3.1.10. On-Chip Oscillator 

The iCE40 UltraPlus devices feature two different frequency Oscillator. One is tailored for low-power operation that 
runs at low frequency (LFOSC). Both Oscillators are controlled with internally generated current. 

The LFOSC runs at nominal frequency of 10 kHz. The high frequency oscillator (HFOSC) runs at a nominal frequency of 
48 MHz, divisible to 24 MHz, 12 MHz, or 6 MHz by user option. The LFOSC can be used to perform all always-on 
functions, with the lowest power possible. The HFOSC can be enabled when the always-on functions detect a condition 
that would need to wake up the system to perform higher frequency functions. 
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3.1.11. User I2C IP 

The iCE40 UltraPlus devices have two I2C IP cores. Either of the two cores can be configured either as an I2C master or 
as an I2C slave. The pins for the I2C interface are not pre-assigned. User can use any General Purpose I/O pins. 

In each of the two cores, there are options to delay the either the input or the output, or both, by 50 ns nominal, using 
dedicated on-chip delay elements. This provides an easier interface with any external I2C components. 

When the IP core is configured as master, it will be able to control other devices on the I2C bus through the pre-
assigned pin interface. When the core is configured as the slave, the device will be able to provide I/O expansion to an 

I2C Master. The I2C cores support the following functionality: 

¶ Master and Slave operation 

¶ 7-bit and 10-bit addressing 

¶ Multi-master arbitration support 

¶ Clock stretching 

¶ Up to 400 kHz data transfer speed 

¶ General Call support 

¶ Optionally delaying input or output data, or both 

¶ Optional filter on SCL input 

For further information on the User I2C, refer to TN1274, iCE40 SPI/I2C Hardened IP Usage Guide. 

3.1.12. User SPI IP 

The iCE40 UltraPlus devices have two SPI IP cores. The pins for the SPI interface are not pre-assigned. User can use any 
General Purpose I/O pins. Both SPI IP cores can be configured as a SPI master or as a slave. When the SPI IP core is 
configured as a master, it controls the other SPI enabled devices connected to the SPI Bus. When SPI IP core is 
configured as a slave, the device will be able to interface to an external SPI master. 

The SPI IP core supports the following functions: 

¶ Configurable Master and Slave modes 

¶ Full-Duplex data transfer 

¶ Mode fault error flag with CPU interrupt capability 

¶ Double-buffered data register 

¶ Serial clock with programmable polarity and phase 

¶ LSB First or MSB First Data Transfer 

For further information on the User SPI, refer to TN1274, iCE40 SPI/I2C Hardened IP Usage Guide. 

3.1.13. RGB High Current Drive I/O Pins 

The iCE40 UltraPlus family devices offer multiple high current LED drive outputs in each device in the family to allow 
the iCE40 UltraPlus product to drive LED signals directly on mobile applications. 

There are three outputs on each device that can sink up to 24 mA current. These outputs are open-drain outputs, and 
provides sinking current to an LED connecting to the positive supply. These three outputs are designed to drive the RBG 
LEDs, such as the service LED found in a lot of mobile devices. This RGB drive current is user programmable from 4 mA 
to 24 mA, in increments of 4 mA. This output functions as General Purpose I/O with open-drain when the high current 
drive is not needed. 

3.1.14. RGB PWM IP 

To provide an easier usage of the RGB high current drivers to drive RGB LED, a Pulse-Width Modulator IP can be used in 
the user design. This PWM IP provides the flexibility for user to dynamically change the modulation width of each of 
the RGB LED driver, which changes the color.  Also, the user can dynamically change the settings on the ON-time 
duration, OFF-time duration, and ability to turn the LED lights on and off gradually with user set breath-on and breath-
off time. 

For additional information on the PWM IP, refer to TN1288, iCE40 LED Driver Usage Guide. 
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3.1.15. Non-Volatile Configuration Memory 

All iCE40 UltraPlus devices provide a Non-Volatile Configuration Memory (NVCM) block which can be used to configure 
the device. 

For more information on the NVCM, refer to TN1248, iCE40 Programming and Configuration. 

3.2. iCE40 UltraPlus Programming and Configuration 
This section describes the programming and configuration of the iCE40 UltraPlus family. 

3.2.1. Device Programming 

The NVCM memory can be programmed through the SPI port. The SPI port is located in Bank 1, using SPI_VCCIO1 power 

supply. 

3.2.2. Device Configuration 

There are various ways to configure the Configuration RAM (CRAM), using SPI port, including: 

¶ From a SPI Flash (Master SPI mode) 

¶ System microprocessor to drive a Serial Slave SPI port (SSPI mode) 

For more details on configuring the iCE40 UltraPlus, refer to TN1248, iCE40 Programming and Configuration. 

3.2.3. Power Saving Options 

The iCE40 UltraPlus devices feature iCEGate and PLL low power mode to allow users to meet the static and dynamic 

power requirements of their applications. Table 3.11 describes the function of these features. 

Table 3.11. iCE40 UltraPlus Power Saving Features Description 

Device Subsystem Feature Description 

PLL When LATCHINPUTVALUE is enabled, puts the PLL into low-power mode; PLL output held static at last 
input clock value. 

iCEGate To save power, the optional iCEGate latch can selectively freeze the state of individual, non-registered 
inputs within an I/O bank. Registered inputs are effectively frozen by their associated clock or clock-
enable control. 
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4. DC and Switching Characteristics 

4.1. Absolute Maximum Ratings 
 

Table 4.1. Absolute Maximum Ratings 

Parameter Min Max Unit 

Supply Voltage VCC ς0.5 1.42 V 

Output Supply Voltage VCCIO ς0.5 3.60 V 

NVCM Supply Voltage VPP_2V5 ς0.5 3.60 V 

PLL Supply Voltage VCCPLL ς0.5 1.42 V 

I/O Tri-state Voltage Applied ς0.5 3.60 V 

Dedicated Input Voltage Applied ς0.5 3.60 V 

Storage Temperature (Ambient) ς65 150 °C 

Junction Temperature (TJ) ς65 125 °C 

Notes: 

1. {ǘǊŜǎǎ ŀōƻǾŜ ǘƘƻǎŜ ƭƛǎǘŜŘ ǳƴŘŜǊ ǘƘŜ ά!ōǎƻƭǳǘŜ aŀȄƛƳǳƳ wŀǘƛƴƎǎέ Ƴŀȅ ŎŀǳǎŜ ǇŜǊƳŀƴŜƴǘ ŘŀƳŀƎŜ ǘƻ ǘƘŜ ŘŜǾƛŎŜΦ CǳƴŎǘƛƻƴŀƭ 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is 
not implied. 

2. Compliance with FPGA-TN-02044, Thermal Management document is required. 

3. All voltages referenced to GND. 

4.2. Recommended Operating Conditions 

Table 4.2. Recommended Operating Conditions  

Symbol Parameter Min Max Unit 

VCC
1 Core Supply Voltage 1.14 1.26 V 

VPP_2V5 
VPP_2V5 NVCM 
Programming and 
Operating Supply Voltage 

Slave SPI Configuration 1.714 3.46 V 

Master SPI Configuration 2.30 3.46 V 

Configuration from NVCM 2.30 3.46 V 

NVCM Programming 2.30 3.00 V 

VCCIO
1, 2, 3 I/O Driver Supply Voltage VCCIO_0, SPI_VCCIO1, VCCIO_2 1.71 3.46 V 

VCCPLL PLL Supply Voltage 1.14 1.26 V 

tJCOM Junction Temperature Commercial Operation 0 85 °C 

tJIND Junction Temperature, Industrial Operation ς40 100 °C 

tPROG Junction Temperature NVCM Programming 10.00 30.00 °C 

Notes: 

1. Like power supplies must be tied together if they are at the same supply voltage and they meet the power up sequence 
requirement. See the Power-up Supply Sequence section. VCC and VCCPLL are recommended to be tied together to the same 
supply with an RC-based noise filter between them. Refer to TN1252, iCE40 Hardware Checklist. 

2. See recommended voltages by I/O standard in subsequent table. 

3. VCCIO pins of unused I/O banks should be connected to the VCC power supply on boards. 

4. VPP_2V5 can, optionally, be connected to a 1.8 V (+/-5%) power supply in Slave SPI Configuration modes subject to the condition 
that none of the HFOSC/LFOSC and RGB LED driver features are used. Otherwise, VPP_2V5 must be connected to a power supply 
with a minimum 2.30 V level. 
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4.3. Power Supply Ramp Rates 

Table 4.3. Power Supply Ramp Rates 

Symbol Parameter Min Max Unit 

tRAMP Power supply ramp rates for all power supplies 0.6 10 V/ms 

Notes: 

1. Assumes monotonic ramp rates. 

2. Power up sequence must be followed. See the Power-up Supply Sequence section below. 

4.4. Power-On Reset 
All iCE40 UltraPlus devices have on-chip Power-On-Reset (POR) circuitry to ensure proper initialization of the device. 
Only three supply rails are monitored by the POR circuitry as follows: (1) VCC, (2) SPI_VCCIO1 and (3) VPP_2V5. All other 
supply pins have no effect on the power-on reset feature of the device. Note that all supply voltage pins must be 
connected to power supplies for normal operation (including device configuration). 

4.5. Power-up Supply Sequence 
It is recommended to bring up the power supplies in the following order. Note that there is no specified timing delay 
between the power supplies, however, there is a requirement for each supply to reach a level of 0.5 V, or higher, 
before any subsequent power supplies in the sequence are applied.  

1. ±CC ŀƴŘ ±CCPLL ǎƘƻǳƭŘ ōŜ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ǎǳǇǇƭƛŜǎ ǘƻ ōŜ ŀǇǇƭƛŜŘΦ bƻǘŜ ǘƘŀǘ ǘƘŜǎŜ ǘǿƻ ǎǳǇǇƭƛŜǎ Ŏŀƴ ōŜ ǘƛŜŘ ǘƻƎŜǘƘŜǊ 
ǎǳōƧŜŎǘ ǘƻ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ǘƻ ƛƴŎƭǳŘŜ ŀ w/πōŀǎŜŘ ƴƻƛǎŜ ŦƛƭǘŜǊ ƻƴ ǘƘŜ ±CCPLL. wŜŦŜǊ ǘƻ ¢bмнрнΣ ƛ/9пл IŀǊŘǿŀǊŜ 
/ƘŜŎƪƭƛǎǘΦ  

2. {tLψ±CCIO1 ǎƘƻǳƭŘ ōŜ ǘƘŜ ƴŜȄǘ ǎǳǇǇƭȅΣ ŀƴŘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŀƴȅ ǘƛƳŜ ŀŦǘŜǊ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎǳǇǇƭƛŜǎ ό±CC ŀƴŘ ±CCPLLύ ƘŀǾŜ 
ǊŜŀŎƘŜŘ ŀǎ ƭŜǾŜƭ ƻŦ лΦр ± ƻǊ ƘƛƎƘŜǊΦ  

3. ±PP_2V5 ǎƘƻǳƭŘ ōŜ ǘƘŜ ƴŜȄǘ ǎǳǇǇƭȅΣ ŀƴŘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŀƴȅ ǘƛƳŜ ŀŦǘŜǊ ǇǊŜǾƛƻǳǎ ǎǳǇǇƭƛŜǎ ό±CCΣ ±CCPLL ŀƴŘ {tLψ±CCIO1ύ 
ƘŀǾŜ ǊŜŀŎƘŜŘ ŀ ƭŜǾŜƭ ƻŦ лΦр ± ƻǊ ƘƛƎƘŜǊΦ 

4. hǘƘŜǊ {ǳǇǇƭƛŜǎ ό±CCIO0 ŀƴŘ ±CCIO2ύ Řƻ ƴƻǘ ŀŦŦŜŎǘ ŘŜǾƛŎŜ ǇƻǿŜǊπǳǇ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ŀƴŘ ǘƘŜȅ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŀƴȅ ǘƛƳŜ 
ŀŦǘŜǊ ǘƘŜ ƛƴƛǘƛŀƭ ǇƻǿŜǊ ǎǳǇǇƭƛŜǎ ό±CC ŀƴŘ ±CCPLLύ ƘŀǾŜ ǊŜŀŎƘŜŘ ŀ ƭŜǾŜƭ ƻŦ лΦр ± ƻǊ ƎǊŜŀǘŜǊΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǇƻǿŜǊ Řƻǿƴ 
ǎŜǉǳŜƴŎŜ ǊŜǉǳƛǊŜŘΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ǇŀǊǘƛŀƭ ǇƻǿŜǊ ǎǳǇǇƭƛŜǎ ŀǊŜ ǇƻǿŜǊŜŘ ŘƻǿƴΣ ƛǘ ƛǎ ǊŜǉǳƛǊŜŘ ǘƘŜ ŀōƻǾŜ ǎŜǉǳŜƴŎŜ ǘƻ 
ōŜ ŦƻƭƭƻǿŜŘ ǿƘŜƴ ǘƘŜǎŜ ǎǳǇǇƭƛŜǎ ŀǊŜ ǊŜπǇƻǿŜǊŜŘ ǳǇ ŀƎŀƛƴΦ 

4.6. External Reset 
When all power supplies have reached their minimum operating voltage defined in Table 4.2, it is required to either 
keep CRESET_B LOW, or toggle CRESET_B from HIGH to LOW, for a duration of tCRESET_B, and release it to go HIGH, to 
start configuration download from either the internal NVCM or the external Flash memory. Figure 4.1 shows Power-Up 
sequence when SPI_VCCIO1 and VPP_2V5 are not connected together, and the CRESET_B signal triggers configuration 
download. Figure 4.2 shows when SPI_VCCIO1 and VPP_2V5 connected together. All power supplies should be powered 
up during configuration. Before and during configuration, the I/Os are held in tri-state. I/Os are released to user 
functionality once the device has finished configuration. 
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Figure 4.1. Power Up Sequence with SPE_VCCIO1 and VPP_2V5 Not Connected Together 

 

 

 

Figure 4.2. Power Up Sequence with All Supplies Connected Together to 1.8 V 

4.7. Power-On-Reset Voltage Levels 

Table 4.4. Power-On-Reset Voltage Levels 

Symbol Parameter Min Max Unit 

V
PORUP 

Power-On-Reset ramp up trip point (circuit 

monitoring VCC, SPI_VCCIO1, and VPP_2V5) 

V
CC 0.62 0.92 V 

SPI_VCCIO1 0.87 1.50 V 

VPP_2V5 0.90 1.53 V 

VPORDN 
Power-On-Reset ramp down trip point (circuit 

monitoring VCC, SPI_VCCIO1, and VPP_2V5) 

V
CC τ 0.79 V 

SPI_VCCIO1 τ 1.50 V 

VPP_2V5 τ 1.53 V 

Note: These POR trip points are only provided for guidance. Device operation is only characterized for power supply voltages 
specified under recommended operating conditions. 

4.8. ESD Performance 
Please contact Lattice Semiconductor for additional information. 
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4.9. DC Electrical Characteristics 
Over recommended operating conditions. 

Table 4.5. DC Electrical Characteristics 

Symbol Parameter Condition Min Typ Max Unit 

IIL, IIH1, 3, 4 Input or I/O Leakage 0 V < VIN < VCCIO + 0.2 V τ τ ±10 µA 

C1 
I/O Capacitance, excluding 
LED Drivers2 

VCCIO = 3.3 V, 2.5 V, 1.8 V  

VCC = Typ, VIO = 0 to VCCIO + 0.2 V 
τ 6 τ pf 

C2 
Global Input Buffer 
Capacitance2 

VCCIO = 3.3 V, 2.5 V, 1.8 V  

VCC = Typ, VIO = 0 to VCCIO + 0.2 V 
τ 6 τ pf 

C3 RGB Pin Capacitance2 VCC = Typ, VIO = 0 to 3.5 V τ 15 τ pf 

C4 IRLED Pin Capacitance2 VCC = Typ, VIO = 0 to 3.5 V τ 53 τ pf 

VHYST Input Hysteresis VCCIO = 1.8 V, 2.5 V, 3.3 V τ 200 τ mV 

IPU Internal PIO Pull-up Current 

VCCIO = 1.8 V, л Җ ±IN Җ лΦср ϝ ±CCIO ҍ3 τ ҍ31 µA 

VCCIO Ґ нΦр ±Σ л Җ ±IN Җ лΦср ϝ ±CCIO ҍ8 τ ҍ72 µA 

VCCIO Ґ оΦо ±Σ л Җ ±IN Җ лΦср ϝ ±CCIO ҍ11 τ ҍ128 µA 

Notes: 

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is 
not measured with the output driver active. Internal pull-up resistors are disabled. 

2. TJ 25 oC, f = 1.0 MHz. 

3. Refer to VIL and VIH in Table 4.13 on page 34. 

4. Input pins are clamped to VCCIO and GND by a diode.  When input is higher than VCCIO or lower than GND, the Input Leakage 
current will be higher than the IIL and IIH. 

4.10. Supply Current 

Table 4.6. Supply Current 1, 2, 3, 4, 5 

Symbol Parameter 
Typ 

VCC =1.2 V 
Unit 

ICCSTDBY Core Power Supply Static Current 75 µA 

IPP2V5STDBY VPP_2V5 Power Supply Static Current 0.55 µA 

ISPI_VCCIO1STDBY SPI_VCCIO1 Power Supply Static Current 0.5 µA 

ICCIOSTDBY VCCIO Power Supply Static Current 0.5 µA 

ICCPEAK Core Power Supply Startup Peak Current 12 mA 

IPP_2V5PEAK VPP_2V5 Power Supply Startup Peak Current 2.5 mA 

ISPI_VCCIO1PEAK SPI_VCCIO1 Power Supply Startup Peak Current 9.0 mA 

ICCIOPEAK VCCIO Power Supply Startup Peak Current 2.0 mA 

Notes: 

1. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and 
held at VCCIO or GND, on-chip PLL is off. For more detail with your specific design, use the Power Calculator tool. Power specified 

with master SPI configuration mode. Other modes may be up to 25% higher. 

2. Frequency = 0 MHz. 

3. TJ = 25 °C, power supplies at nominal voltage, on devices processed in nominal process conditions. 

4. Does not include pull-up. 

5. Startup Peak Currents are measured with decoupling capacitances of 0.1 uF, 10 nF, and 1 nF to the power supply.  Higher 
decoupling capacitance causes higher current. 
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4.11. User I2C Specifications 

Table 4.7. User I2C Specifications 

Symbol Parameter 
Spec (STD Mode) Spec (FAST Mode) 

Unit 
Min Typ Max Min Typ Max 

fSCL Maximum SCL clock frequency τ τ 100 τ τ 400 kHz 

tHI SCL clock HIGH Time 4 τ τ 0.6 τ τ µs 

tLO SCL clock LOW Time 4.7 τ τ 1.3 τ τ µs 

tSU,DAT Setup time (DATA) 250 τ τ 100 τ τ ns 

tHD,DAT Hold time (DATA) 0 τ τ 0 τ τ ns 

tSU,STA Setup time (START condition) 4.7 τ τ 0.6 τ τ µs 

tHD,STA Hold time (START condition) 4 τ τ 0.6 τ τ µs 

tSU,STO Setup time (STOP condition) 4 τ τ 0.6 τ τ µs 

tBUF Bus free time between STOP and START 4.7 τ τ 1.3 τ τ µs 

tCO,DAT SCL LOW to DATAOUT valid τ τ 3.4 τ τ 0.9 µs 

 

4.12. I2C 50 ns Delay 

Table 4.8. I2C 50 ns Delay 

Symbol Parameter 
Spec 

Unit 
Min Typ Max 

TDELAY Delay through 50 ns Delay Block τ 50 τ ns 

 

4.13. I2C 50 ns Filter 

Table 4.9. I2C 50 ns Filter 

Symbol Parameter 
Spec 

Unit 
Min Typ Max 

TFILTER-H HIGH Pulse Filter through 50 ns Filter Block τ 50 τ ns 

TFILTER-L LOW Pulse Filter through 50 ns Filter Block τ 50 τ ns 

 

4.14. User SPI Specifications 1, 2 

Table 4.10. User SPI Specifications 

Symbol Parameter Min Typ Max Unit 

fMAX Maximum SCK clock frequency τ τ 45 MHz 

 

Notes: 

1. All setup and hold time parameters on external SPI interface are design-specific and, therefore, generated by the Lattice Design 
Software too.  These parameters include the following: 

- tSUmaster master Setup Time (master mode) 
- tHOLDmaster master Hold time (master mode) 
- tSUslave slave Setup Time (slave mode) 
- tHOLDslave slave Hold time (slave mode) 
- tSCK2OUT SCK to Out Delay (slave mode) 

2. The SCLK duty cycle needs to be specified in the Lattice Design Software as a timing constraint in order to ensure proper timing 
check on SCLK HIGH and LOW (tHI, tLO) time. 
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4.15. Internal Oscillators (HFOSC, LFOSC) 

Table 4.11. Internal Oscillators (HFOSC, LFOSC) 

Parameter 
Parameter Description 

Spec/Recommended 
Unit 

Symbol Conditions Min Typ Max 

fCLKHF 
Commercial Temp HFOSC clock frequency (tJ = 0 °Cς85 °C) -10% 48 10% MHz 

Industrial Temp HFOSC clock frequency (tJ = ς40 °Cς100 °C) -20% 48 20% MHz 

fCLKLF τ LFOSC CLKK clock frequency -10% 10 10% kHz 

DCHCLKHF 
Commercial Temp HFOSC Duty Cycle (tJ = 0 °Cς85 °C) 45 50 55 % 

Industrial Temp HFOSC Duty Cycle (tJ = ς40 °Cς100 °C) 40 50 60 % 

DCHCLKLF τ LFOSC Duty Cycle (Clock High Period) 45 50 55 % 

Tsync_on τ Oscillator output synchronizer delay τ τ 5 Cycles 

Tsync_off τ Oscillator output disable delay τ τ 5 Cycles 

Note: Glitchless enabling and disabling OSC clock outputs. 

4.16. sysI/O Recommended Operating Conditions 

Table 4.12. sysI/O Recommended Operating Conditions 

Standard 
VCCIO (V) 

Min Typ Max 

LVCMOS 3.3 3.14 3.3 3.46 

LVCMOS 2.5 2.37 2.5 2.62 

LVCMOS 1.8 1.71 1.8 1.89 

 

4.17. sysI/O Single-Ended DC Electrical Characteristics 

Table 4.13. sysI/O Single-Ended DC Electrical Characteristics 

Input/Output 
Standard 

VIL VIH VOL Max 
(V) 

VOH Min 

(V) 

IOL
 

(mA) 

IOH Max 

(mA) Min (V) Max (V) Min (V) Max (V) 

LVCMOS 3.3 ς0.3 0.8 2.0 VCCIO+0.2 V 
0.4 VCCIO ҍ 0.4 8 ς8 

0.2 VCCIO ҍ 0.2 0.1 ς0.1 

LVCMOS 2.5 ς0.3 0.7 1.7 VCCIO+0.2 V 
0.4 VCCIO ҍ 0.4 6 ς6 

0.2 VCCIO ҍ 0.2 0.1 ς0.1 

LVCMOS 1.8 ς0.3 0.35 VCCIO 0.65 VCCIO VCCIO+0.2 V 
0.4 VCCIO ҍ 0.4 4 ς4 

0.2 VCCIO ҍ 0.2 0.1 ς0.1 
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4.18. Differential Comparator Electrical Characteristics 

Table 4.14. Differential Comparator Electrical Characteristics 

Parameter 
Symbol 

Parameter Description Test Conditions Min Max Unit 

VREF Reference Voltage to compare, on VINM VCCIO = 2.5 V 0.25 VCCIO - 0.25 V V 

VDIFFIN_H Differential input HIGH (VINP - VINM) VCCIO = 2.5 V 250 τ mV 

VDIFFIN_L Differential input LOW (VINP - VINM) VCCIO = 2.5 V τ ς250 mV 

IIN Input Current, VINP and VINM VCCIO = 2.5 V ς10 10 µA 

 

4.19. Typical Building Block Function Performance 

4.19.1. Pin-to-Pin Performance (LVCMOS25) 

Table 4.15. Pin-to-Pin Performance (LVCMOS25) 

Function Timing Unit  

Basic Functions 

16-Bit Decoder 16.5 ns 

4:1 Mux 18.0 ns 

16:1 Mux 19.5 ns 

Notes: 

1. The above timing numbers are generated using the Lattice Design Software tool. Exact performance may vary with device and 
tool version. The tool uses internal parameters that have been characterized but are not tested on every device. 

2. Using a VCC of 1.14 V at Junction Temperature 85 °C. 

4.19.2. Register-to-Register Performance 

Table 4.16. Register-to-Register Performance 

Function Timing Unit  

Basic Functions 

16:1 Mux 110 MHz 

16-Bit Adder 100 MHz 

16-Bit Counter 100 MHz 

64-Bit Counter 40 MHz 

Embedded Memory Functions 

256 x 16 Pseudo-Dual Port RAM 150 MHz 

Notes: 

1. The above timing numbers are generated using the Lattice Design Software tool. Exact performance may vary with device and 
tool version. The tool uses internal parameters that have been characterized but are not tested on every device. 

2. Under worst case operating conditions. 
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4.20. sysDSP Timing 
Over recommended operating conditions. 

Table 4.17. sysDSP Timing 

Parameter Description Min Max Unit 

fMAX8x8SMULT Max frequency signed MULT8x8 bypassing pipeline register 50 τ MHz 

fMAX16x16SMULT Max frequency signed MULT16x16 bypassing pipeline register 50 τ MHz 

4.21. SPRAM Timing 
Over recommended operating conditions. 

Table 4.18. Single Port RAM Timing 

Parameter Description Min Max Unit 

fMAXSRAM Max frequency SPRAM (4/8/16-bit Read and Write) 70 τ MHz 

 

4.22. Derating Logic Timing 
Logic timing provided in the following sections of the data sheet and the Lattice design tools are worst case numbers in 
the operating range. Actual delays may be much faster. Lattice design tools can provide logic timing numbers at a 
particular temperature and voltage. 
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4.23. Maximum sysIO Buffer Performance 

Table 4.19. Maximum sysIO Buffer Performance 

I/O Standard Max Speed Unit 

Inputs 

LVCMOS33 250 MHz 

LVCMOS25 250 MHz 

LVCMOS18 250 MHz 

Outputs 

LVCMOS33 250 MHz 

LVCMOS25 250 MHz 

LVCMOS18 155 MHz 

LVCMOS12 70 MHz 

Note: Measured with a toggling pattern. 

4.24. iCE40 UltraPlus Family Timing Adders 
Over recommended commercial operating conditions. 

Table 4.20. iCE40 UltraPlus Family Timing Adders 

Buffer Type Description Timing (Typ) Units 

Input Adjusters 

LVCMOS33 LVCMOS, VCCIO = 3.3 V 0.18 ns 

LVCMOS25 LVCMOS, VCCIO = 2.5 V 0 ns 

LVCMOS18 LVCMOS, VCCIO = 1.8 V 0.19 ns 

Output Adjusters 

LVCMOS33 LVCMOS, VCCIO = 3.3 V -0.12 ns 

LVCMOS25 LVCMOS, VCCIO = 2.5 V 0 ns 

LVCMOS18 LVCMOS, VCCIO = 1.8 V 1.32 ns 

LVCMOS12 LVCMOS, VCCIO = 1.2 V 5.38 ns 

Notes: 

1. Timing adders are relative to LVCMOS25 and characterized but not tested on every device. 

2. LVCMOS timing measured with the load specified in Switching Test Condition table. 

3. Commercial timing numbers are shown. 
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4.25. iCE40 UltraPlus External Switching Characteristics 

Over recommended commercial operating conditions. 

Table 4.21. iCE40 UltraPlus External Switching Characteristics 

Parameter Description Device Min Max Unit 

Clocks 

Global Clock 

fMAX_GBUF Frequency for Global Buffer Clock network All Devices τ 185 MHz 

tW_GBUF Clock Pulse Width for Global Buffer All Devices 2 τ ns 

tISKEW_GBUF Global Buffer Clock Skew Within a Device All Devices τ 530 ps 

Pin-LUT-Pin Propagation Delay 

tPD 
Best case propagation delay through one 
LUT logic 

All Devices τ 9.0 ns 

General I/O Pin Parameters (Using Global Buffer Clock without PLL)* 

tSKEW_IO Data bus skew across a bank of IOs All Devices τ 510 ps 

tCO Clock to Output ς PIO Output Register All Devices τ 10.0 ns 

tSU Clock to Data Setup ς PIO Input Register All Devices ҍ0.5 τ ns 

tH Clock to Data Hold ς PIO Input Register All Devices 5.55 τ ns 

General I/O Pin Parameters (Using Global Buffer Clock with PLL) 

tCOPLL Clock to Output ς PIO Output Register All Devices τ 2.4 ns 

tSUPLL Clock to Data Setup ς PIO Input Register All Devices 7.3 τ ns 

tHPLL Clock to Data Hold ς PIO Input Register All Devices ҍ1.1 τ ns 

*Note: All the data is from the worst case. 

http://www.latticesemi.com/legal


 ƛ/9пл ¦ƭǘǊŀtƭǳǎϰ CŀƳƛƭȅ 
 Data Sheet 
 

©  2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are 
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-DS-02008-1.4  39 
 

4.26. sysCLOCK PLL Timing 
Over recommended operating conditions. 

Table 4.22. sysCLOCK PLL Timing 

Parameter Descriptions Conditions Min Max Unit 

fIN 
Input Clock Frequency (REFERENCECLK, 
EXTFEEDBACK) 

τ 10 133 MHz 

fOUT Output Clock Frequency (PLLOUT) τ 16 275 MHz 

fVCO PLL VCO Frequency τ 533 1066 MHz 

fPFD
3 Phase Detector Input Frequency τ 10 133 MHz 

AC Characteristics 

tDT Output Clock Duty Cycle τ 40 60 % 

tPH Output Phase Accuracy τ τ ±12 deg 

tOPJIT
1, 5, 6 

Output Clock Period Jitter 
fOUT >= 100 MHz τ 450 ps p-p 

fOUT < 100 MHz τ 0.05 UIPP 

Output Clock Cycle-to-Cycle Jitter 
fOUT >= 100 MHz τ 750 ps p-p 

fOUT < 100 MHz τ 0.10 UIPP 

Output Clock Phase Jitter 
fPFD >= 25 MHz τ 275 ps p-p 

fPFD < 25 MHz τ 0.05 UIPP 

tW Output Clock Pulse Width At 90% or 10% 1.33 τ ns 

tLOCK
2, 3 PLL Lock-in Time τ τ 50 µs 

tUNLOCK PLL Unlock Time τ τ 50 ns 

tIPJIT
4 Input Clock Period Jitter 

fPFD җ нл aIȊ τ 1000 ps p-p 

fPFD < 20 MHz τ 0.02 UIPP 

tSTABLE
3 LATCHINPUTVALUE LOW to PLL Stable τ τ 500 ns 

tSTABLE_PW
3 LATCHINPUTVALUE Pulse Width τ 100 τ ns 

tRST RESET Pulse Width τ 10 τ ns 

tRSTREC RESET Recovery Time τ 10 τ µs 

tDYNAMIC_WD DYNAMICDELAY Pulse Width τ 100 τ VCO Cycles 

Notes: 

1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock. Cycle-to-cycle jitter is 
taken over 1000 cycles. Phase jitter is taken over 2000 cycles. All values per JESD65B. 

2. Output clock is valid after tLOCK for PLL reset and dynamic delay adjustment. 

3. At minimum fPFD. As the fPFD increases the time will decrease to approximately 60% the value listed. 

4. Maximum limit to prevent PLL unlock from occurring. Does not imply the PLL will operate within the output specifications listed 
in this table. 

5. The jitter values will increase with loading of the PLD fabric and in the presence of SSO noise. 

4.27. SPI Master or NVCM Configuration Time 

Table 4.23. SPI Master or NVCM Configuration Time 

Symbol Parameter Conditions Max Unit 

tCONFIG POR/CRESET_B to Device I/O Active 

All devices ς Low Frequency (Default) 140 ms 

All devices ς Medium frequency 50 ms 

All devices ς High frequency 26 ms 

Notes:  

1. Assumes sysMEM Block is initialized to an all zero pattern if they are used. 

2. The NVCM download time is measured with a fast ramp rate starting from the maximum voltage of POR trip point. 
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4.28. sysCONFIG Port Timing Specifications 
Over recommended operating conditions. 

Table 4.24. sysCONFIG Port Timing Specifications 

Symbol Parameter Conditions Min Typ Max Unit 

All Configuration Mode 

tCRESET_B Minimum CRESET_B LOW pulse width 
required to restart configuration, from 
falling edge to rising edge 

τ 200 τ τ ns 

tDONE_IO Number of configuration clock cycles after 
CDONE goes HIGH before the PIO pins are 
activated 

τ 49 τ τ 
Clock 
Cycles 

Slave SPI 

tCR_SCK Minimum time from a rising edge on 
CRESET_B until the first SPI WRITE 
operation, first SPI_XCK clock. During this 
time, the iCE40 UltraPlus device is clearing 
its internal configuration memory 

τ 1200 τ τ µs 

fMAX 
CCLK clock frequency 

Write 1 τ 25 MHz 

Read1 τ 15 τ MHz 

tCCLKH CCLK clock pulsewidth HIGH τ 20 τ τ ns 

tCCLKL CCLK clock pulsewidth LOW τ 20 τ τ ns 

tSTSU CCLK setup time τ 12 τ τ ns 

tSTH CCLK hold time τ 12 τ τ ns 

tSTCO CCLK falling edge to valid output τ 13 τ τ ns 

Master SPI3 

fMCLK MCLK clock frequency Low Frequency 
(Default) 

7.0 12.0 17.0 MHz 

Medium Frequency2 21.0 33.0 45.0 MHz 

High Frequency2 33.0 53.0 71.0 MHz 

tMCLK CRESET_B HIGH to first MCLK edge τ 1200 τ τ µs 

tSU CCLK setup time τ 6.16 τ τ ns 

tHD CCLK hold time τ 1 τ τ ns 

Notes: 

1. Supported with 1.2 V VCC and at 25 °C. 

2. Extended range fMAX Write operations support up to 53 MHz with 1.2 V VCC and at 25 °C. 

3. tSU and tHD timing must be met for all MCLK frequency choices. 
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