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Introduction

Application (L7)

The first MIPI PHY standard, D-PHY, was introduced in 2005 and can be found on most mobile
device. D-PHY is commonly used to connect an applications processor to a camera using the

Application-specific Protocols

Presentation (L6) (LA

[l

MIPI High speed Camera Serial Interface (CSI). It is also used to connect the applications Seesenita)
processor to the mobile device's display using the MIPI High speed Display Serial Interface | S | | il | z
(DSI). i

| Network (L3) | | Network (L3) | %g
D-PHY's reach has not extended beyond the camera and display due to limitation on the | Data Link (L2) | | Data Link (L2) | ég
transmission rate to 1.5 Gbps. This was not seen as a limitation several years ago when the P — |
standard was conceived, but is simply too slow to handle the data traffic in today's smartphones 1
and tablets. T

‘ Medium | | Medium |
To address the speed limitation, the M-PHY with a serial output, low pin count, multiple 08I Reference Model UniPro
transmission and power-saving modes is released. The latest M-PHY 5.0 supports data rates from Figure 1. Comparative Layered Architecture of
10kbps up to 23.32 Gbps per lane per direction. OSI Model and MIPI UniPro (High Speed Link).

MPHY data rates provides enough bandwidth to support all types of high speed data interfaces
within a mobile device. Interfaces employing M-PHY now include several MIPI standards UrSscsl Commanasatiayr|  Application

-3, -2, , UniPro, an 1 , the standard, the Universal Flash Storage (ucs) tacks
CSI-3, DSI-2, LLI, UniP d DigRF), the USB SSIC dard, the Uni 1 Flash Storag SW & Stack

(UFS) standard, and the M-PCle standard.

UFS Transport Protocol Layer
(UTP)

UFS
For showing our proposed work, We are taking MIPI UniPro (High Speed Link) as a case study T Controller
which is act as interconnect layer for Universal Flash storage(UFS) as shown in Figure 2. UniPro T IC
UFS InterConnect Layer L2 = Data Link

(uic)
Newly released MIPI UniPro 2.0 uses MPHY 5.0, HS-G5 to increase bandwidth to 23.32 Gbps

per lane and per direction to satisfy the memory storage ecosystem’s growing data rates
requirements.

Figure 2. Layered Architecture of UFS and MIPI UniPro

(High Speed Link).




Skew

Lane
Mapping

Motivation

Routing delay introduce the skew in
digital circuits that impact the
functionality of design.

Design can have unconnected lanes,
cross connected lanes.

In Link level design initialization
itself can take 50-60 % of the
simulation time that delays the
verification process.

Functional Coverage closure is a
essential part for a any complex
design verification and that

generally takes high bandwidth.
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Figure 3. (a) Skew in digital circuit
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Skew Insertion

Assigning TUl of
selected modes
gears/series

» Inter-lane skew is a common phenomenon at the serial lanes and standards are
mentioned in the UniPro specification.

EWl==0) begin //max ar
51 | |gear==G2| |gear= ) 1

(mode==L5S

» Injected skew at serial lines in UniPro full stack test bench and at RMMI interface
in UniPro standalone test bench.

S & (gear==G4))

5 && (gear==G5))

» This skew is passed to the upper layer and it is responsibility of the Link layer to s Tlotaresa) (asoressa)) || (Rodets
merge the data correctly

(gear==64))

(gear==G5))

» Skew injection at High Speed Link-PHY interface is required considering all
possible scenario and adequate randomization for proper verification sign-off

assign #( )) rx_symbolclko xisylr-bol(lk[mi;

assign #( rx bolo=rx_symbol[0]; H
rand int SKEWO; assion # rxjﬁgfs?ofrfjﬁ‘r’g[?m . Inserting
Table I. Max allowed Lane to Lane Skew. rand int SKEW1; g e bl e Skew in Lane0
. . . constraintlane0_skew {if(mode==LS) SKEWO inside {[0:30]}; else begin /
(Reference:UniPro2.0 Link-PHY interface) else if (mode==HS && (gear==G1] | I/sket o ke on Lane 1
gear==G2 | | gear=:G3) assign rx:symbolo—rx_symbol[ ; '
SKEWO inside {[0:30]); dss%qn rx_burstOirT_burst(”] ]
Gear Max Lane to clse if {mode==H5 B.& (gear==64) assign rx_cfgrdyno=rx_cfgrdyn(0];
Lane Skew SKEWO inside {[0:60]};
else (mode==HS && (gear==G5) == 1))begin
PWM G1 30 UI SKEWO inside {[0:120]};}
constraintlanel_skew {if(mode==LS) SKEW1 inside {[0:30]}; " _BZXZIE?%“]; Inserting
HS G1 30 Ul else if (mode==HS && (gear==G1| | assign #( Skew in Lanel
gear==G2 | | gear==G3) f_'l":o Lestn
SKEW1 inside {[0:30]}; Skew Di
HS G2 30Ul else if (mode==HS && (gear==G4) ‘i:::": X Sy
SKEW1 inside {[0:60]}; @sign X Burstisrc hurstiil;
HS G3 30 UI else (mode==HS && (gear==G5) :ssiqn rx_cfgrdynl=rx_cfgrdyn(1];
SKEW1 inside {[0:120]};} SRS
HS G4 60U1 _ _ .
HS G 120 UL Figure 4.(a) Constraints on Skew Generation Figure 4.(b) Code for generating the skew.(Reference: UniPro2.0

(Reference: UniPro2.0 Link-PHY interface). Link-PHY interface)




Skew Insertion

*» M-PHY 5.0 supports up to 120UI of inter-lane skew at serial lanes for HS-GS5 that
translates to 6 PA symbols skew at RMMI interface which is bounded by L15
layer of UniPro2.0.

» Here, We are showing injected maximum skew for HS-Gear5; HS-Gear4;

HS-Gear3 at RMMI Interface in Figure 5(a), 5(b) and 5(c)

Figure 5. (a) Skew insertion between Lane0 and Lanel at RMMI for HS-GS5 in Rx
symbol.(Reference: UniPro2.0 Link-PHY interface).
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Figure 5. (b) Skew insertion between Lane0 and Lanel at RMMI for HS-G4 in
Rx symbol.(Reference: UniPro2.0 Link-PHY interface).

kew

Figure 5. (c) Skew insertion between Lane0 and Lanel at RMMI for HS-G3
in Rx symbol.(Reference: UniPro2.0 Link-PHY interface).




Lane Mapping

assert(i init seq.randomize with Lane0 Lane0/ N\
{ vip tx Lanel
SI5a . v ae2l RX/TX
vip_rx ; Lane3
vip rx . e —
Lanel ( ) \ J
assert(i_init_seq.randomize with Lane0 Lane0/”
{ ——
. . . . . vip tx laned == 0; Lanel
» The Lane Mapping functionality is used to discover the usable physical lanes on vip_tx_lanel == 1; _/m RX/TX
. . . . : vip rx lane® == 0;
the link and there connection with respect to peer device. Tx/Rx Fixed ey e Lane1 ¢/ L20€3
Connections

= Often, testing is limited to fixed connections or in some cases suiting only the asserﬂi{init seq.randomize with
application or use cases, but in a hardcoded way. vip tx
vip tx
vip rx
» Random lane connection framework provides flexibility to connect DUT lanes to vip_rx_

any random number of lanes of peer device and in any random way suiting

. . . assert(i init seq.randomize with
specification requirement.

{

vip tx lane® ==
X . vip_tx lanel == 0;
= DUT Lanes can be unconnected, one-lane or two lane straight connection, and vip_rx lane® == 3

. vip rx lanel ==
one-lane or two lane cross connection. -

l assert(i init seq.randomize with Lane0 (d) Lane0/ N
. e * ——p . . N { j..—7
» In Figure 6. “vip_tx lane0/1==4" is reflecting the specific lane is unconnected. TRk Rahdo o @\i,_Lanell
. vip tx lanel inside {[0:4]}; )"“Eanez RX/TX
Connections vip rx_lane@ inside :41}; ,2’,»\ ane3
vip rx lanel inside - - il e e
b Lanel ‘/ - J
(e)

Figure 6. Random lane connection example for UniPro 2.0 DUT (2 Lane)
and Peer Device (4 Lane ) (a) Single-Lane Straight Connection (b)
Single-Lane Cross Connection (¢) Dual-Lane Straight Connection (d)
Dual-Lane Cross Connection (¢) Random Lanes Connection




Lane Mapping

To avoid invalid
connection for
Tx Lane0/1

invalid _—— Lane0/
: connection
vip tx ; Lanel
P : —

vip tx = Lanel
vip rx = x aned  RX/TX
vip rx = Lane3|

Lanel \___ 2 ||constrainttx_lanes {vip_tx_lane0 !=vip_tx_lanel;

Lane0 lane0/” Y\ vip_rx_lane0 !=vip_rx_lanel;}
vip tx ‘ Lanel
vip tx - —
vip rx . L&ez RX/TX

To avoid all Tx/Rx
lanes unconnected

vip rx

//Normal Connections

assign WITH VIP LANEO TX P
assign WITH_VIP_LANE1 TX P
assign WITH VIP_LANE® TX_N
assign WITH VIP _LANE1 TX_N

vip_tx_ lane0==0)? txdpO:((vip_tx_lane0==1)? txdpl:((vip_tx lane0==2)7 txdp2:((vip_tx_lane0==3)? txdp3:'l
vip_tx lanel==0)? txdp0:((vip_tx_lanel==1)? txdpl:((vip_tx lanel==2)? txdp2:((vip_tx_lanel==3)? txdp3:

vip_tx_lane®==0)? txdnO: ((vip_tx_lane®==1)7? txdnl:((vip_tx_lane0==2)? txdn2:((vip_tx_lane®==3)? txdn3:'l
vip_tx_lane0==0)? txdnO:((vip_tx_lane0==1)? txdnl:((vip_tx lane0==2)? txdn2:((vip_tx_lane0==3)? txdn3: 'l

(
(
(
(

Figure 8. MUX logic for random lane connections from UniPro2.0 Test bench.




Save and Re-store

* In High Speed Lin}(, ini'tialization itself can tal'<e 50-60% of the simulation Fime '/_R_es_e; \: E>:I Ensbla :E>', -Li:lk—u; \: ¢ Seniiencel
that delays the verification process. So, to avoid that we can save the repetitive DR P S A BT
process of Link Up (Link Enable and Training) and re-store it when required. S e BN == :
I\ Reset E>' Enable |E>: Linkup ¢ Sequence2
/J
= Tool option need to be add at elaboration time then $save is available for use in
Verilog code through which the snapshot can be saved. User can call $save after Sequenee?
the completion of the process which user want to save as shown in Figure 11 (a)
& (b). 30-40% of Sim
ol Time
* Once the snapshot is saved after sim finished, you can find it in your sim 50-60% of Sim Time

directory with same name which is passed through “$save("name ). Total Regression Time =( No. of Tests x Initialization seq Time + Sum

of Individual time taken by all other Sequences used in test)

Figure 9. Without Save & Restore

In TB Some Changes
done by DV Engineer
affects only PMC

process) +UVM TESTNAME=cdn_ simpleseq c

(AW =4 o + ol oA e o c b+ . . |

i init seq.start(i vsqr);

Restarted process snapshot: worklib. 1SV
xcelium> #force sri unipro vip host device top.u dpv

$save("init done");

Simulation Time #Flowus,;
Saved =Time taken by Data
link up process Tra ns fe r (a) (b)

| =% | | ] Figure 11.(a) Use of $save after process to be save (b) Evidence of UniPro
— linkup process stored. (Reference:UniPro2.0)
To= T =T T=T T-=T
O Figure 10. E)Jamge of Save & Restore? 1 32




Functional Coverage Closure Using Script

RTL Re-released
(New Project) RTL

. . . Ranked Test
» The coverage ranking script ranks the regression runs based on the Test Suite Suite

coverage contribution and creates a test suite to target the obtained
Directed
coverage.

= —

Random
regression

» This comes very handy during not so uncommon cases of multiple RTL
releases, where verification team has to iteratively rush for quick
coverage closures.

Coverage

_O59,
Database 90-95% FC DB

Incremental
Tests for
new feature

No :
Run Ranking Ranked
0,
100% FC DB — Script —{ Test Sut

Jadueyd Jouiy

Check
Coverage
Holes

fc(Rank) | Yes

Cumulative covered (%): 15
Number of Optimized Runs:

Run Céverage
Hole Script

_rgr/test-unipro_solomon-cdn_unipro_dut_pmc_capability test c-ctrl str=rand_tx_hs auto g3 ser_
 only_solomon/test-unipro_solomon-cdn 12 flowcontrol checker test c-ctrl str=overflowfc

" 1

| /root_skew test rgr/test-unipro_solomon-cdn unipro_dut pmc_capability test c-ctrl str=rand rx_hs_gl_ser b

ixed I

\ /single_ seed 12 only_solomon/test-unipro_solomon-cdn 12 flowcontrol checker test c-ctrl str=emptyframewitheom
xed

\ /smgle seed 115 _only_solomon/test-unipro_solomon-unipro_version dut 1 8 vip 1 8 test c
ixed

L(;;mgle ss‘sed‘ 12 ' only solomon/test-unipro_solomon-cdn 12 flowcontrol checker test c-ctrl str=overflowfc 3 j »; , Flgure 12 Test bench lntegrated Wlth Coverage Hole Perl SCI’lpt for Coverage .

| /root_skew_test_rgr/test-unipro_solomon-cdn unipro_dut_pmc_capability test c-ctrl str=rand tx_hs_g2_ser a
ijglngle séed smoke_only_solomon/test-unipro_solomon-cdn _mphy attr cover test c

/smgle sled 115 only_solomon,test-unipro_solomon-unipro_version dut 18 vip 18 test
ijgoot skev‘l test_rgr/test-unipro_solomon-cdn_unipro_dut pmc_capability test c-ctrl str=rand tx_hs_gl from dut_ser a

Contribution of a individual test case in total function coverage in %

Total function coverage in %




Functional Coverage Closure Using Script

» The main function of the Hole script agent is to obtain the latest
coverage database, extract the information of un-hit bins and create

directed test suite to hit the remaining bins with single run

test test-unipro-PMC Test-file path=hs mode transition cr hh {
top files:"test-unipro-PMC Test-file path: :hs mode tran51t10n cr bb”g

count : 1; 3 -
runs dispatch par Input file (script regression </text>;
}; generated )

— ! !
Fast Mode.Fast Mode.Fast Mode.Slow Mode.series A.series A
Fast Mode,Fast Mode,Fast Mode,Slow Mode,series B,series B
Fast Mode,Fast Mode,F2 Mode,Slow Auto Mode,series A,series A
Fast Mode,Fast Mode,Fa Mode,Slow Auto Mode,series B,series [

This is one
specific bin

Bin: Fast_Mode,Fast_Mode,Fast_Mode,Slow_Mode, series_B, series_B

Previous Tx Mode: Fast; Current Tx Mode: Fast
Previous Rx Mode: Fast; Current Rx Mode: Slow
Previous Series: B; Current Series:B

Figure 14. Input file generated by Coverage Holes Script
(Reference:UniPro2.0)

for(int i=0;i<n;i++)begin//[

‘ifdef FC_Coverage_Script These queues get
the inputs from the
tx_mode_cnst=|tx_mode.pop_back() | script generated
rx_mode_cnst =|rx_mode.pop_back( inputfiles.
series_cnst = [series.pop_back();
void'(pwr_mode_seq_h.randomize with
{

seq_start_side== FROM_DUT;
Tx_Mode == tx_mode_cnst;
Rx_Mode == rx_mode_cnst;
Series == series_cnst;
1;
“else
assert(pwr_mode_seq_h.randomize());
“endif
pwr_mode_seq_h.start(i_vsqr);
#100us;
end//]

Figure 15. Example code of Power Mode Change (PMC)
of UniPro2.0

Overall
Average Grade

& vip_power_mode_changed_before_2_0 100% 1572 /1572 (100%)
& dut_power_mode_changed_before 2 0 100% 1572 / 1572 (100%)
“PAA T00% 237 23 (100%)

L L ————a AS AN Y AAN

Figure 16. PMC related Major Cover groups
(Reference: UniPro2.0)




Results &
Conclusion

= With proposed scenarios which are close to real environment (Lane Mapping, and Skew Table III : Comparison of Run Time of Different Test Suites with
Injection). We found out critical bugs in RTL. Like With lane mapping we found out when and without Save-and-Restore (Reference: UniPro2.0 DV)
Lanel alone was connected RTL was not able to decode data properly. Comparison between run times with Save & Restore and Without Save & Restore
» Also, with skew Injection we are able to verify tolerance of the DUT beyond the spec limits. TeSOVectors Run time without Save & Run time with Save &
This kind of verification gives us a confidence on our IP’s. Restore setup Restore setup
» Here, we published results in Table III by taking MIPI UniPro (high speed link ) as our case Simple Data Transfer 50mins-60mins 15-20mins
study and its clearly visible the saved simulation time. PMC followed by Data 60mins-70mins 20-25mins
Transfer
» This saved time in verification cycle can be use in hunting the corner bugs or it’s also reduce the Sanity Regression after minor 20hrs-24hrs 6hrs-8hrs
time to market of the product. updates in Test-bench
= Also, with proposed Coverage Hole Script and Ranking Script DV engineers can close the DV in Full Regression 7days-10days 3days-4days
quick succession.
= Same seed does not create same test vector in case of major RTL and thus TB change. As
Coverage Hole script store the test vector thus reducing coverage slip.
Table IV : Comparison of Coverage Replay with Ranking Test Suite

(Reference: UniPro2.0 DV)
Table II. Comparison of Number of Test Runs with and without Script (Reference : UniPro2.0 DV)

Approximate Number of Test Runs to Achieve 100 % FC Coverage Approximate Coverage Replay with Ranking Test Suite regression (New RTL release)

Method Random Regression After Adding Coverage After Running Ranking Method of generation Ranking Script Ranking + Coverage Hole Script

Hole Script Seript (only)
Total Test Run 20000-25000 8000-10000 5000-6000 FC (%) 80-87% 90-95%




Questions/Comments
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