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Multiple Mobile Storage Interfaces  
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Mobile Storage Evolution Faster 
Than Ever 

2006 2009 2012 2011 2003 2013 

SD 2.0 
High 

capacity 

Peaked 

SD 3.0 

Ramping 
Up 

SD 4.0 

Early 
Adopter 

SD 1.1 
High 

speed 

Obsolete 

SD 1.0 

SD 4.1 

SD 

UFS 

eMMC 
eMMC 

4.3 

MMC 4.2 
High 

Capacity 

eMMC 
4.41 

eMMC 
4.51 

MMC 4.1 
High Speed 

eMMC 
5.x 

UFS 1.0 UFS 2.x UFS 1.1 



Challenges of Backward 
Compatibility eMMC  

eMMC 
4.41 

eMMC 
4.51 

eMMC 
5.0 

Max 
Throughput 

High Speed 
832 Mbps 

HS200 
1.6 Gbps 

HS400 
3.2 Gbps 

Data Lines 4 or 8-bit 8-bit 

Signal Count 10 Pins 
11 Pins  

(Data Strobe) 

IO Voltages 
1.2 V / 1.8 V 

3 V 
1.2 V / 1.8 V 

Interface DDR-52 HS200 HS400 

Data Strobe No Yes 

Tuning 
(Read) No Yes 

Clock (MHz) 0 – 52 MHz 0 – 200 MHz 



eMMC Compliance 

 eMMC Device spec published by JEDEC 
 Compliance can be done through 3rd party 

Compliance Testers 
• No formal compliance guidelines 



Challenges of Backward 
Compatibility UFS 

UFS 1.0 UFS 1.1 UFS 2.0 

Transaction 
Layer 

Host 
Interface HCI 1.0 HCI 1.1 HCI 2.0 

Link  
Layer 

UniPro™ v1.40 v1.41 v1.60 

# of Lanes Single Lane Single Lane 2-Lane 

Physical  
Layer 

M-PHY v1.0 v2.0 v3.0 

Data Rate 1.5 Gbps 2.9 Gbps 5.8 Gbps 
# of Lanes 1 2 
Interface Tx +/-, Rx +/- 

Diff  
Vpeak-peak 

500 mV Max (non-terminated) 
250 mV Max (terminated) 

Source: JEDEC 



UFS 1.1 Compliance 

Protocol Rev. Test Spec Certification 

Transaction 
Layer UFS 1.1 

UFS  
Test Spec 

v1.0 
UFSA 

Link Layer UniPro 1.41 UniPro 
CTS_v1.0_r01 

MIPI /  
UNH-iOL 

PHY Layer M-PHY 2.0 M-PHY 
CTS_v0.99 



Design Challenges 

1. Compliance to Industry Standard(s) 
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eMMC 4.3  4.4  4.5  4.51  5.x 

UFS 1.0  1.1  2.x 

UniPro 1.40  1.41  1.6x 
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Data/File 
Transfer 

Read/Write 
Commands 

Link Initialization 

3. Inter-Operability 

Can I have all these validated before starting my SoC design? 
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M-PHY Verification Cases 
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UFS Controller Bitmap 

Migrate to FPGA based System 
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• A black-box approach enables 
quick access to a validation 
platform 

• FPGA with Verified UFS IP 

http://www.google.com/aclk?sa=l&ai=CO6ShmMWBUIiIIKX_iQKL_IGAD4GJ07oCkfHDjUmJ17OumAEIBhABIMeY-AUoAlC-0tCJ-f____8BYMme-YbIo6AZoAHijbP_A8gBB6oEME_QIZ-Up1ggPenOX0JngT1J6A9zcGhRn3n8e536kX05Mjfd1W9UtPMhqfMm79dpW4AFkE7ABQWgBiY&sig=AOD64_2JHchrquRz1pwA0xoy5xr7F8G-tw&ctype=5&ved=0CKgBEPMO&adurl=http://www.newegg.com/Product/Product.aspx?Item=N82E16833995006&nm_mc=KNC-GoogleAdwords&cm_mmc=KNC-GoogleAdwords-_-pla-_-NA-_-NA


FPGA System for Device Validation & 
Software Development 
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http://www.seeedstudio.com/blog/2011/05/09/new-product-post/fusion-pcb-service/
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Enabling UFS/eMMC  
Design Ecosystem 

 FPGA based Development Platform productized into 
Validation Platform 
• IP, software stacks and PHY come together 

 Used by IP vendor (e.g.. Arasan) for Interoperability testing 
with other pioneers 

 Used by Test & Measurement vendors as target platforms 
• For validation of protocol generators and analyzers 

 Ultimately used by SoC/Device vendors as target or 
reference platforms for silicon validation 
• Assured of IP interoperability, compliance, and backward 

compatibility 



Summary 

 New JEDEC storage standards continue to evolve for new 
markets 
• Early IP/SoC validation enables compliance and compatibility for fast 

time-to-market 
 Different SoC vendors at different stages of spec adoption 

• Different spec revisions from different OEM’s 
• Backward compatibility and Interoperability a must among vendors 

 IP vendors continue to  
• Lead the pack in transforming specs to RTL and GDSII 
• Keeping backward compatibility with older standards in new designs 
• Enabling ecosystem-wide Inter-Op and compliance through  

– Software stacks  
– Hardware Validation Platforms 

All items available before starting your SoC/Device designs !! 



THANK YOU 
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