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Background - Synopsys STA tools .
* PrimeTime:
— Std. cells static timing analysis (STA).
— Timing arcs between cell pins , called nodes.
— Internal delays read from .lib database.

« NanoTime:

— Transistor level STA.
— Timing arcs nodes are transistor pins.
— Internal delays based on spice level simulations
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STA flow in digital top mixed signal IC ™% =5

« |P/ASIC Top STA verification
IS accomplished with
PrimeTime and a timing
model of the analog IP.

* For this purpose, if the IP Is a
simple data in or data out,
Interface registers modeling is
enough

* Analog IP internal timing
paths are verified in dynamic
spice simulations .
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Motivation >

Synopsys Users Grou

* The traditional flow relies heavily on circuit team expertise:
— Critical path cross section modeling
— Vector-dependent dynamic simulations
— Results validation

« Furthermore, the verification quality can be insufficient

— OCV requires hundreds of slow statistical runs

— Sl impact — coupling capacitors delay and noise — goes back to specific input
vector requirements

- For accurate timing verification, a new flow is needed — which can
exhaustively report all IP internal timing paths
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Suggested STA flow for custom IP TOGA
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Semi-Custom block Custom block STA Multi-corner
STA Dynamic simulations
Output rjeut
loads vectors+
slopes
I
Correlation
- . _ »| Measurements
v
J
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NanoTime STA flow

« Topology
marking and

‘ Netlist \

Device
models

TOGA

Black-box list
—
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Topology marking

Transistor direction

lterative

custom checks ’ dl%i?"
reg uire deep - Glock defindon, POCV match/
understanding | ceseseting . | oo
of the design, — — —— |
and consume ‘ parasiics I parasifcs
most of the time Chik_
in the flow for desf”
small size —
paths

blocks
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Report:

* transistor direction

* unmatched topologies
* Clock network

» Storage nodes

\_/_

Timing

Timing/ noise reports €

/noise
model
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Case study — 30Gbps Serializer




PAMA4 30Gbps serializer with FFE
(used in 60Gbps SERDES) e SNUE)
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2:1 MUX cell TOoGA Sl
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« The basic cell is composed of two

flops to sample the data, a latch on Deven —[p a2

Do and a mux. The latch is added to e 0
prevent noise on mux output and for G rp'

Increased hold margin . .

» For low deterministic jitter on driver o A —
input (6 bits), setup and hold of 2 —oesu /o s oo
De/Do should be verified against S , * KO0 X0 X O
to make sure serializer output bits e, GRSV, SN W, G
are clock driven and not data driven ' | ): N :>< /) s X

“Bita ](_){_ ( 5( )]( ){_;_ X

« Similar checks are performed on
prEV|OUS Stages to ImprOV? deSIQn High Speed Serdes Devices and Applications David Robert
robustness and reduce noise Staufferetal, p132

{b) Timing Diagram
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Block statistics TOGA sn

Parameter Value

Synopsys Users Group

Sequential cells 200

(FF/ LTC)

Logic cells 1000
Timing endpoints 250

(FF/ LTC/ MUX)

Input Clock rate* 15GHz/ 66p
Uncertainty 5p

* 33ps half cycle timing paths exist in the final 2tol stage
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Serializer configuration ToGA
steps in NanoTime

» Create differential clocks

» Mark custom latches and flops

» Create generated clocks (divided clocks)

* POCV settings

» Custom timing checks

SSSSSSSS
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Differential clocking "
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NanoTime supports differential clocking, and differential synchronizers
> create clock —name clk -waveform {0 0.033} -period 0.066
[get ports clk pll p]

. . clk_dout_n clk_dout_p
> set differential [get ports {clk pll p clk pll n }]

A—A

>
Ik_int x<:
C'JHEE <:::;égrsynawonEgai;;:>

clk_d2 differential < | clk_pll_p

: clk_int
TFF —< < clk_pll_n

differential synchronizers are marked automatically. Following command is
used for custom/ un-recognized synchronizers:

> mark differential synchronizer —name synchronizerl -transistors {..}

SNUG 2016 13



Custom latch/flop marking rocA =k
* Dynamic latches are used in EP'C' Static Latch
high speed digital blocks to save power Latch net P—
over CML approach. e »
 Such latches are not automatically —

recognized in match_topology stage =
* Dynamic latch marking :

| Latch output

&
|||—|_|——|_|-|

EII' C i
.5

> mark latch -latch net gn -inputs d

-output gn -clock {xp0/g xn0/g} D Dynamic Tgate
~feedforward {nl pl} CK_?_ e Latch [2]
-name DynLatch -setup to input 5 —mc'l E“ , t_pz"l ateh output
_— . aicn ne .
« foreach in collection Can be used —

I
chi_

CKB =

to mark all latches iteratively
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Custom latch/flop marking (cntd.) .

Synopsys Users Grou

Incomplete marking — feedback devices are omitted -
creates warning

2 cascaded latches can be marked as flip-flop:

> mark flip flop -master latch m net -slave latch s net

(Master latch FF devices omitted)

I
I
I
o ! QN
=

T+ I.7
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Generated clocks >
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> create generated clock —-name clk d2 -source [get ports clk pll p]
—edges {1 3 5}

* For correct clock propagation - define the clock on the gates of both pmos and
nmos of an inverter driven by slave latch net

 prevent clock to data propagation warning: .
> mark clock network -stop div fb DNfB-EjP_'

P5
slave_ _q
CK_DIV_OUT

lat_net
- —

DFF il

clk_pll_n clk_pll_p

SNUG 2016 16



POCV settings

« Parametric OCV can be defined

per device type/ channel length
and width / fin_num/ voltage level
and check (min/max) .

> set variation parameters -type default

-variation 0.03

« Variation value is the
percentage of 1 sigma out of
the device delay

SNUG 2016
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Custom timing checks

* As mentioned before , setup and hold
should be checked on MUX inputs De, Do’

« The mux is not recognized automatically
as legitimate endpoint

« Mux Is constraint with custom timing
checks — applied on the gate pins of the

constraint nets. For mux phase 0O:
> create timing check —-from
2tol/mux/m0/g -fall to
2tol/mux/m2/g —-setup 0.010
> create timing check —-from
2tol/mux/ml/g -rise to
2tol/mux/m2/g —-hold 0.010

« Setup and hold are calculated by dynamic
simulation.

SNUG 2016
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Increasing NanoTime accuracy — ST
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* Increased accuracy Is required for correct timing of differential circuits:
> set accuracy effort -level high/ultra (NanoTime tcl script
supplied by Synopsys.)
Among others, this script enables:
* Nonlinear waveform analysis
« Miller effect capacitance
 Reduce Sl differential pessimism
« Dynamic Clock Simulation(DCS) — entire differential simulation unit is
contained within DCS region
« Enable differential PBSA analysis to remove differential common point
pessimism
> set pbsa allow reconvergent common net true
> trace paths —-pocv —pbsa

SNUG 2016 19

p



Flow debug and results review - ™

* Topology recognition

* Clock network

 Parasitics annotation

* Debugging incorrect path timing

» Correlating path timing with spice
simulation

GGGGGGGG
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Review topology reports Toes

* Check sequential, clock gate and MUX/ tgate topology counts:

> report topology
Report : topology
Design : P2S

R IR b b b d b b A b b b A b b b A b b b b b b A b b i A b b b b b b A i b i

User Global

Structure Auto Manually Library Library

Type Marked Marked Marked Marked Total
clock gate 1 0 0 0 1
feedback 2 0 0 0 2
latch 0 0 0
mux 32 0 0 0 32
flipflop 0 32 0 0 32

 Verify no transistor direction is left unresolved:

> report transistor direction

SNUG 2016
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Review clock reports v

Synopsys Users Group

> report clock: Correct period, waveform and attributes

— Propagated
Clock Period Waveform Differential
clk 0.066 {0.000 0.033} {clk pll p clk pll n}
clk d2 0.132 {0.000 0.066) {x0/p5/g x0/xn5/g}
clk d4 0.264 {0.000 0.132) @ (x1/p5/g x1/xn5/qg}

: S - . . Propagated
> report_clock_arrivals: No missing clock nets, clock domains, clock arrival times | ' -~
Net Min Rise Min Fall Max Rise Max Fall Period Attrs Clock
clk dout n 0.006 0.038 0.009 0.042 0.066 D clk
clk dout p 0.038 0.006 0.042 0.009 0.066 D clk
clk int n 0.006 0.038 0.009 0.042 0.066 D clk
clk int p  0.038 0.006 0.042 0.009 0.066 D clk
clk_d2 0.070 0.003 0.072 0.011 0.132 clk d2
clk_d4 0.137 0.005 0.140 0.010 0.264 clk_d4

> report clock network: No invalid sequential points

SNUG 2016 22



Parasitics annotation rocA Sne
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* Read parasitics after check topology step:
> read parasitics —-format DSPF top.dspf

* For partial extraction of lower hierarchy:

> read parasitics —-increment -complete with zero -path
Xhierl —-format DSPF hier.dspf

Errors will be issued on sub-hierarchy input and output nets in the annotation
report. Nevertheless, annotated parasitics are accounted for correctly.

« Support layout only devices with <layout_only> prefix:

> set parasitics xref layout instance prefix layout only

SNUG 2016 23



report_path - debug example
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> report path -type min -path type full clock expanded -transition

Generated Clock
has huge transition
difference between
data and clock
path.

SNUG 2016

Startpoint:
Endpoint:
h Tyvp

Fat

D T

i i

oo e e e e e e e

o)

oo e o e R e e e o e e

ok d2 div out/zmml 1/g

gmux_4to2<7>/zhmuzb2/zm2q/d

min

user specified hold check

clk p
clk n[

[N Nl N (o )

-0.0014
G.0141
0.0000

o)

L0010

L0000
L0000
L0000
L0000
L0008
.00086
.0004
L0010

oo e e e R e e

0.0160

o o T D T

i

L0000
L0000
LQ000
L0000
L0000
L0000
L0000
L0000
0000

L0000
L0000

oo e e e e e e e

oo e e e R e e

oo e e e R e e e e e

oo e e e o e e

L0120
L0120
L0038
L0077
L0038
L0071
L0339
. 0007
L0017
L0012

[ L"(')(')%OOOO

GC‘)O%G(’)OO

HHE HBE BB BB HH

FoH b H A H R

clk p {inocut)

ok p int0<0=/zmm0 1/g (INVDZ2)

ok p intZ<0>/zmml 1/g9 (INVDE)

zdiv_14to7 dff/zdslte/zml/g (p2s_opl lten uu 4)
ok d2 div_out/zmml 1/g {(INVDG)
xinv_ck d2 b/zmm0 1/g {(INVD12)
zmux_dto2<i=/zltenl 1/xzm3fg (p2s_cpl lten uu 1)
xmux_ dtoZ<?>/xzbitl buff/zmml/g (INVD1)
zmux_dtoZ<?=/zhmuzb?/zm2q/g (p2s_cpl lten_uu_2)
zmux_dtol<¥=/zhmuzb2/zm2q/d (p2s_cpl lten_uu_2)
POCV adjustment

data arriwval time

Total

clk n {inout)

ok p intO<l>/zmml 1/g9 (INVDZ)

ok p intZ2<l>/zmmd 1/g (INVDE)

xdiv_14to? dff/zdslte/zm3fg (p2s_opl lten uu 4)
ok d2 div_out/zmml 1/g {(INVDBG)
xinv_ck d2 b/zmm0 1/g {(INVD12)

xinv_ck d2/zmml_1/g (INVD1Z2)
zmux_dtol<¥=/zhmuzb2/zm3/g (pZs_cpl_lten_uu_2)
Total

held time

alock uncertainty

data required time

data arrival time
data reguired time

slack (VIOLATED)
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report_path - debug example — cntd. .
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> write spice: We need to compare the section that creates the generated
clock — use reference_timing_path and prefix_path_id attributes:

set data path [get timing path ..]

set clock path [get attribute $data path reference timing path]
set data prefix path [get attribute $data path prefix path id]
set clock prefix path [get attribute $clock_path prefix path 1d]
write spice $data prefix path -output datapath

write spice $clock prefix path -output clkpath

V V. V V V V

« EXxecute spice decks with hspice/xa

SNUG 2016 25



report_path - debug example —cntd. ™A =
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« |Inspect waveforms with WaveView — in
clkpath GC clock is not reaching the
supply rail - see diagram on the right

 Conclusion: The clock path had the
Clock P type device of the slave latch in
off state (The tool assumed this setting
will cause WC timing) T

« But this latch is driven by differential
clock, which are on/off simultaneously

« Solution: The following flag needs to be

> set topo tgate mark all pairs true

: ‘L. P1:69.7p,553m
05_ B P2.69.1p,7
. A -6171,235m 5:-381G

SNUG 2016 26



Correlating path timing with spice simulation

Startpoint:
Endpoint:

Fath Type:
Constraint:

The selected

FESE Common Net:

clk p {(inout port)

¥p2s mux out<0=/x0/xhmuxz pl/zm0/d
max

user specified setup check

ck p buf<f=

Xtalk
Edjust War Delta Trans
0.0000 0.0400
0.0000 0.0000 0.0400
0.0000 0.0000 0.0173
0.0000 0.0000 0.0141
0.0002 0.0002 0.0123
0.0002 0.0004 0.0084
0.0002 0.0000 0.0081
0.0004
0.0004 0.0004 0.0007
0.0355 0.0400
0.0000 0.0000 0.0400
0.0000 0.0000 0.0173
0.0000 0.0000 0.013¢&
0.0003
0.0358 0.0000 0.0000

Lo R ]

L0201
L0201

L0324
L0170

Cé&
Cé&

Cé&
Cé&

L&

&

Ch
Ch

Ch
Ch

TOGA

c¢lk p {incut] clk p

ok tree/fzeck invZ2<0x/zmm0 1/g (invdlZ)
alk p

ok tree/zckinvi<bx/xmml 1/g (invdb)

A
Synopsys Users Group

&=Annotated
delay

ok treefeck p 12<0>

¥pZ2s mux cut<O>/z0/zltenl/zml /g
ck p buf<b:=
¥pZ2s mux cut<O>/z0/z13inv/xmml 1/g

(p2s_ecpl lten uu 4;

(invdZbwplbpI0epdulvt)

¥p2s mux out<0>/x0/dyn bitld n

¥pZ2s mux out<0>/=0/zhmux pO/=zml/g

ipZ2s_cpl lten uu 2}

¥p2s _mux_out<0x/x0/bitd p
¥pZ2s mux ocut<O>/=0/zhmux pl/zml/d {(pZs cpl lten uu 2}
¥p2s mux out=0>/x0/xhmux pl/fi b

POCV adjustment
data arriwval time

Total

clk p (inout] clk p

ok tresfzck invi2<0>/zmml 1/g (invdl2)
alk p

ok _tres/fzckinvi<6>/zmm0_1/g {invd®E)

ok _treefok p 12<0>

p2s_muz_out<0>/z0/zhmux_ pd/zm3/g
ck p buf<bs

PESA adjustment

Total

getup time

clock uncertainty

data required time

p2s_cpl_ lteon uu 2]

data required time
data arriwval time

r] = r] Fath Incr
pat ISt e 0. 0000
0.0009 |o.0009
custom check .05 [o om0
0.0220 |o.0106
Created on 0.0267 |0.0046
flnal muX 0.0319 | 0.0053
_ 0.0360 |o0.0041
Inputs. 00384
0.0360
0.0355
0.0359  0.0004
0.0436  0.0077
0.0531  0.0095
0.0569
0.0176
0.0469 —-0.0100
0.0419 —-0.0050
0.0419
0.0419
_0.0354
0.0055

SNUG 2016
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Correlating path timing with spice simulation

Path delay in block level dynamic simulation

SNUG 2016
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chelx

LM clk_p

ck_p_iZ

Lmm ck_p_buf

L dyn_hitd_n

L hitd_p

@ 422 302mY

@ THE.395mY

@ 39.9917my

@ 166851 mY

@ G01.2mY

@ 104203my

toplevel scstop_ss

toplevel scstop_ss

toplevel scstop_ss

toplevelscsitop_ss

toplevelscstop_ss

toplevel.scstop_ss

=350.0
>

-50.0

- =

1845 1.85

1.B55

1.86 1.865

T
LE7S

time in=

HRARE
1.BB 1.B85 189

T
1.895

-l-\-l-l | T
1.9

1.505

1.91

1.915

1.52

Israel
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Correlating path timing with spice simulation

inside the advertised ‘g 9+10.6= 11.2p (-2.5%) 9.5p (-17.4%)
accuracy of +/- 5%. ck p_i2 11.5p
* Intermediate nodes ck p i2> 10.6p 10.1p (-4.7%) 14.1p (+33%)
have higher ck_buf
differences — result ck buf-> 4.6p 5.0p (+8.7%) 4.7p (+2.2%)
dyn_bit0_n

of linear ramp used

as the input to the gi};g_gito_né 5.3p 4.5p (-15%) 5.6p (+5.6%)
stage by the tool, bitd_p-> 4.1p 4.2p (+2.5%) 3.7p (-10%)
and prev. stage i b

output by spice Whole path: 36p 35p (-2.8%) 37.6p (+4.4 %)

clk_p-->-i_b

SNUG 2016 29



Correlating path timing with spice simulation seex

(cntd.)

« Entire path falls
Inside the advertised
accuracy of +/- 5%.

SNUG 2016

3138

3114

4432

4411

36.1p

36.4p

28.4p

28.4p

35.9p(-0.5%)

36.4p(-0%)

27.8p(-2.2%)

27.8p(-2.2%)
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Run time comparison

L 3@ e L. e J.IIJ.IIE [ L=y P} w3l L 3[@e AT LI | Ny W) - LY R W T Y

Mumber of simulations in thils session: 14876

Fercent of restored simulation units used: O

Fercent of current design alded by restored simulation wunits: O
Maximum memory usage for thls session: 219.70 ME

Maximum extra memory used by a child process: 0.00 ME

CPU usage for this session: m

Diagnostics summary: Y9 errors, 6322 warnings, 9408 informationals

Bggregate audit (1:34:33 PM, Sun May 1, 2016 :

Time used: GPU = 7.47 ks (Zh 4m 29s3), elapsed = 2,45 ks (GUEEREEREEY, util. = 305%.

Time spent in licensing: elapsed = 3.3 s
Pezk memory used = 3. 31 Ghytes.

SNUG 2016
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Conclusions >

Synopsys Users Grou

* The proposed NanoTime flow was executed on 30Gbps serializer

 All custom latches, differential clocking scheme and clocked mux topologies
were recognized and timed correctly

« Parasitic annotation was applied only partially, since full layout was not
available at the time this experiment took place.

* Timing report of a path with parasitic annotation was verified against spice
simulations - both NanoTime generated spice deck and original schematic
simulation. Overall path delay was found to be within (+/-5%).

« Some of the capabilities of the tools couldn’t be evaluated at this stage , and will
be deferred to the point when full extraction is available: Sl delay and Noise,
extensive timing path correlation, Extracted Timing Model (ETM) generation.
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Conclusions (cntd.) v
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* The effort required for the setup of NanoTime should not be under estimated.
However, the env. can be reused later for similar design without extra work.

* |t can be made easier if more warnings are issued, for example:

« Generate Clock failure — there is no warning if the clock is not created correctly, and
report_clock arrivals has missing values for some nodes

* No warning when net not completing full swing — as shown in the debug example
explained before.

* Itis evident that the original goal of increased timing coverage of custom
IP can be achieved using NanoTime, with spice level measurements
accuracy , and at arun time which is a fraction of a single dynamic
simulation.
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Thank You
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