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Validating performance of clocking
systems using microwatts of system
power from 180nm to FinFET

Andrew Cole, VP at Silicon Creations



. 24 Silicon
O Utl ine 22 CREATIONS

‘ Silicon Creations introduction

> PLL optimizations ... extreme low energy for loT

> Challenges of doing this in advanced FinFET

> Correlating Simulation and Silicon Results

>Summary

"© Silicon Creations uWatt PLLs to 7nm FF — ICCAD, 2018 2



24 Silicon

S|I|con Creatlons 0vervnew Z

CREATIONS

=

e |P prowder of PLLs, Oscillators and ngh—speed Interface
 Founded 2006 — self-funded, profitable and growing

* Design offices in Atlanta and Krakow, Poland

e High quality development, award winning support

* Mass production from 7nm to >180nm, 5nm taped out
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> 190 customers ... Growing at >3/month
> 300 IP products ... Growing at >4/month

> 500 chips in production using our IP...
Growing at 5 to 10/month

Income from >95customers in 2018
... we don’t depend on any one customer and will be here
when you need us to be
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. Highest volume analog IPs

—robust design and good | T IkHz-3GH  X670000

. A N (24b FRAC)
QA are essential P Al AW
e.g. Fractional-N PLL: _ q —RA)
> 300 MP chips =1
> 3M wafers L . I s
.. Many B’s of these PLLs o N s 5

| Deskew Multi-phase |

produced i

 PLL products include
general purpose, fractional,
low jitter AFE, uW loT,
Automotive
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. Robust and proven from
28nm to 180nm and from
<100Mbps to >20Gbps

 Multiprotocol (for FPGA)
and targeted protocols
— SGMII, XAUI, RapidIO,
V-by-1 HS/US, FastLVDS,
Cameralink, FPDLink,
OIF-CEl, JESD204, CPRI,
PClel-3, 10G-KR, ...
* Come to our booth to learn
more
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Lab Testing 3
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> 100 IP test
reports from
7nm to 180nm
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TSMC

e 2018 & 2017: “Mixed-
Signal IP Partner of the
year”

e 2017: “Audience choice
paper” — USA OIP

e 2014: “Best Emerging IP
vendor”

"© Silicon Creations uWatt PLLs to 7nm FF — ICCAD, 2018 8



24 Silicon
CREATIONS

e 2017: (no awards to any)

e 2015 & 2016: Best
support

e 2014: Production
volume growth

e 2013: Best Analog IP

Best Partner of The Year 2015
S0 Slll QN

= =
Semicond Uik
Internatj
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> Correlating Simulation and Silicon Results

>Summary
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Clocking for “loT” - Mo

* |oT = overused term, but useful shorthand for uItra low power SoCs with
— Low operating power
— Able to start/stop quickly for low system power
— Low leakage
— Few/no external components

* Our clocking solutions use low-power process offerings:
— 180nm, 40nm, 28nm and FinFET from 16nm to 7nm

— PLLs with total power as low as 5uW and starting in as little as 3 reference
clock cycles

— Free-running oscillators with <2% total variation
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loT PLL A nnons

 Extremely low power 32kHz RTC reference clock, as low as 5uW for whole PLL
e Starting — 2% of freq. Cold in <1.2ms (40 cycles); Warm < 100us (3 cycles)

e 0.12mm2 and no external components

e Caninclude two VCOs — ultra-low power and decent jitter

* Production in planar from 180nm to 28nm and in FinFET from 16nm to 7nm

VDDHY (IO Voltage) = ook
VDD (Core Voltage) ock Detect

15MHz-30MHz *
2-6UA 2b
LOCKCOUNT
PLLEN [+ 116]
4'b |_
FREF | 32kHz, Nominal CP L FOUTPOSTDIV
1 PFD N\ P 6'b POSTDIV kO
80-240uA &h 0
FCALBYP [= l |
= 1-64 FOUTPOSTDIVEN
FCALIN[7:0] =
FCALTEST] :IStartup 0 FCALOUT[7:0]
FBDIV| . A
125 || Feedback Divide
— 256-4095 a
VCOSEL
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* Applications — watchdog timer, Ioglc cIock for uItra low

power mode (“loT”)

f— |
FCAL[11:8] | | Coarse Gm
* No external components  we | 1] ™ [T —
I | [HighPsRR| LI FOUT
. | Fundamental | Oscillator -
[ ] POSSI b I e : | Analog Time Base | Core L
ECALIZ:0] | Fine | | A
('400(: tO 1250(:, Vdd ilO%) I 'g’:g I C ST 0SC_READY 5,
. . L_____
— +1.5% after trimming o
Bias Gen. —
_ Power < BOUW _ J / h ATESTOUT »
B'aswn:;ers 4 L‘J
ATE |
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Analog scaling to 5nm 2 ooons
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e Analog noise relates to kT/C, so
area should scale with

) Fractional-N PLL Relative Area
Ca paC|ta NCe area

1.0
* |t does! Analog scales, 0
but less than digital o
* From 180nm to 5nm: o
— Digital scaling ~800:1 s I
— Analog scaling ~8:1 |
g scaling y 1 &

180nm 90nm 65nm 40nm 28nm 16nm 10nm 7nm 5nm
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. Interconnect resistance is cllmblng qwcklyI
e Extraction and post extract simulations are becoming more

important
* From 40nm to 5nm/7nm, wire

resistance (2/sq) has risen
~6.5x

* Designs are increasingly
difficult to verify due to
the need for simulation
of distributed RC
parasitics

7.0
6.0

4.0
3.0
2.0
1.0
0.0

Relative metal resistance

40nm 28nm 16nm 10nm 7nm 5nm
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5nm Slmulatlon Tlme - 28 Creations

. Schematlc S|mulat|ons not good
enough, distributed C-C and R-C 20
extracted simulations are essential

. 10
* Models are also becoming more
complex 0 — _—
H . Schematic Netlist ~ Cap-extract RC-extract Netlist

—> Higher development costs: pex

— Longer development 1000 o S

cycles Relative simulation time grows
— Need parallel simulation 100

and more CPU’s

— Need more EDA licenses 10 II I I
40n 28n 16n 10n 7n 5n

"© Silicon Creations uWatt PLLs to 7nm FF — ICCAD, 2018 17




24 Silicon

Tlmescale makes |t worse f% 22 Rennons

* litter requirements ~ 0.1ps -------------------- >
1ps
* Bit rates / clock cycle time ~100ps ----------= >
" 10 orders of
magnitude!
 AC coupling time constant ~1us --------------» 1ps
* PLLlock time ~50us ------------mmmmmomomoooooe- >
 Link behavior ¥Ims -----------mmmmmmimmmeeeoe- > Lms
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. Example (28nm VCO)
— compare full RC & reduced RC, CC & reduced CC
— Look for accuracy, simulation time (cost)

The right strategy/merge thresholds depend on kind of circuit and
process technology

Distributed R-C-C (reference) 0.0% 100%

Distributed C-C 6.9% 5.2% y

R-C-C, join R < 0.1Q & C < 0.01fF 0.004% 52% @

R-C-C, join R < 1Q & C < 0.1fF 0.13% 17% ©
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snm Computing Sol olution

Distributed computing
— >2200 CPU cores
— >15TB RAM

1200 Simulation licenses

— 200+ 16-core extracted sims

— 300+ 4-core extracted sims

Dedicated Calibre
machines

— Intel iI9-7980XE 18-core 4.8GHz
— CPU de-capped, liquid-cooled
— 4 x16GB DDR4 RAM

15 Ton (140kW) Cooling
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® Simulation B Measurement
— Mean=3.02uA — Mean=3.15uA
— Stddev=1.5% — Stddev=1.6%

Measured Supply Current

N
o

Number of Chips
o

o

no
©

3 3.1 3.2 3.3 3.4 3.5
IDDHV (uA)
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. Lowest area PLL for dlgltal clocklng 0. OO9mm2
* Total power under 200pW
e Accurate netlist provides an excellent correlation between AFS
transient simulation of frequency vs. time and silicon
measurements

xxxxx L foutveco frequency =2

_—
St 2

HOen

0.5
=

0.5 1 1.5 2 2.
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loT PLL Fast Locking A nnons

* AFS transient simulations
accurately predict locking behavior M
(VCO frequency vs. time) Simulated
e 32kHz locking simulations must .
run for >1ms, so we need not B
only a fast locking PLL,
but also Measured
— A fast simulator
— Good SPICE models
— Accurate extracted netlist
(carefully reduced) S R I R e

ERSE R poepal b pep ] ERSERE TSR R R e e R R R R R e
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PLLTS7FFLAINTE Phase Noise

. UItra-Low Power FVCOL st FOUT- 157 ERER e
(<100pW), Fast Locking -
PLL

* Phase noise (jitter)
correlation achieved for
PLLs with power from
~3uA to “3mA

108406 1.OE+07 1.0E=08
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Oscillator Stability A ooons

e Accurate frequency 0.4% Frequency with VddIO —10% to +10%
. 0.3%
(without a crystal reference) 0.2%

0.1%

across Voltage and 0

1.62 1.68 1.72
-0.1%

Temperature variations ~0.2%
-0.3%
-0.4%

/6 18 184 186 19 194 1.98

0.8% Frequency with Temperature —40°C to 125°C

0.6%
0.4%
0.2%
0
-0.2%
-0.4%
—-0.6%
-0.8%
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* Highly non-linear, ultra-low power (<100uW), free-running oscillator is accurately modeled
with AFS Transient Noise analysis

Measured OSCTS7FFRLXB — 0.55ns RMS Simulated OSCTS7FFRLXB AFS

e G s o T S ST Trannoise Analysis: 0.39ns RMS
] —
- tddev | 3.89021e-10|
Il |

L

. -

1235 1.024 1.0245 1.026 1.0255 1.026 1.0265
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. S|I|con Creatlons has been providing rellable hlgh performance
clocking and SerDes solutions since 2006

* Designing in advanced FinFET nodes challenging and expensive

 With care, excellent correlations between simulations and first
silicon have been shown in 7nm allowing production to start
quickly

* Clocking solutions optimized for loT contribute only a few uW to

system energy and can be turned on and off quickly, yet can be
designed for the target jitter

* 5nm solutions are taping out shortly
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