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MEMS technology in timing
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SiTime - fabless semiconductor manufacturer of MEMS timing solutions

= MEMS oscillator technology instead of quartz crystal based solution

= MEMS chip + CMOS circuitry in one package

MEMS Diofih

CSP
1.5x 0.8 mm
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SiTime

Fabless analog IC company, founded in 2005

Mass production since 2007, 1Bu+ shipped to date CMOS

Silicon AL Qi
The leader in MEMS-based silicon timing, with 90% market share MEMS Design MlxggSnglgnal

SiTime’s mixed-signal and MEMS [P is 100% designed in-house
MEMS

Timing
Solutions

4 Endrich Bauelemente Vertriebs GmbH www.endrich.com
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Structure

L

0.4 mm x 0.4 mm
99% vyields

Vacuum sealed die
Standard CMOS fab

Programmable CMOS IC

=

Charge Spread

Rump Setm, ' Dividers
Drivers
MEMS
ustaining 'ADC, DCO
Circuit 10
' SPll2C
Temperature :
To OTP
Digital Memory

T

Jitter - 250 fs

Stability - 0.1 PPM TCXO
Low Power - 1A @ 32kHz
180nm CMOS - fab TSMC

%’CLK
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MEMS Oscillator

CTRL N
VCO

Plastic packages
Robust - MSLA1
99% Yields
0.15DPPM, 2Fit

Endrich Bauelemente Vertriebs GmbH
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Growth

2014 Today Future

15 families. 200MUnits OB E ISR =001 All timing categories:
. : Oscillator, Resonator,
Oscillator Oscillator

Clock Generators

{} 75 patents 100 patents

STl Performance 30x higher = | crormance S0x higher

(go O 1,000 customers 5,000 customers By more
_[Q‘_T 100 applications 200 applications

Endrich Bauelemente Vertriebs GmbH www.endrich.com



Comparison

QUARTZ

Boutique hybrid customized supply chain
Lower performance

Long lead times

Custom part for each frequency
Sensitive to shock & vibration

Loss Making

endrich
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MEMS

Scalable All Silicon volume technology

Highest performance

4-8 weeks lead time

Programmable to ANY frequency

Robust shock resistant proven

Complete 5G roadmap, Oscillators, Clocks, Jitter cleaners...

Programmable rise/fall time to reduce EMI and improve jitter

7 Endrich Bauelemente Vertriebs GmbH
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MEMS wins on every metric

Metric SiTime Crystal

Supply Chain Multiple sources Single Source
Shock and Vibration 30x Better 3000x Larger Mass
Size Always Smaller Physically Limited
Lead Time 4-8 Weeks 26-52 Weeks
Quality 0.15 DPPM 50 - 200 DPPM
Reliability 800M Hours 28M Hours
Capacity Infinite Capital Intensive
\Wide Temp Operation -05 10 +125 °C -30°C to +85°C
Cost Always Better Expensive Process
Flexible Packaging SOT, Plastic, CSP Only Ceramic
Flexible Frequency 1Hz — 725MHz Fixed Mainstream Only
Programmable |In lab (Many parameters)| Fixed Frequency

endrich
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Technology - Silicon always wins

Best performance Rapid innovation .
. . _ , Innovative MEMS
= 30x better than quartz in dynamic, real world = 200x — 30,000x improvement in 10 years
conditions

Scalable manufacturing

= 70% lower power _ _
= Standard semiconductor process Elite

= 80% smaller

Best product availability 9 g SIT156x/7x
= 10mK resolution temperature sensor, best _ & S
= Shortest leadtimes £S5
Best Quality & Reliabilit 63 N
Y Y = Integration to , QO
. - O
= No Aging » . &2 ot
= Features, efficiency, programmability = \\!\9
= Lifetime Warranty (MTBF 1140 MHrs while &
quartz<40)
1980s 2005 Now
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Reliability measures
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s N
Reliability (Million Hours) Performance in Presence of EMI
-39 -40
SiTime 1.140 -45
i = SiTime
T 50X Better
IDT I s 5
38 SiTime 5 73
| 30x Better = -
=
T}
Epson P 28
T T
L ) Kyocera Epson SiLabs SiTime
< p. %'
Performance in Presence of Vibration Performance in Presence of Board Noise
= | -#SiTime =-+=Epson Kyocera  =e=SiLabs | 4 [ =SiTime —Epson -=Kyocera |
£100.00 - >
B £
- —\4-—'__—.-‘_"——. m
£ 10.00 - =S
2 ’ /' S
5 — N\ || € 2]
c y—
@ 1.00 A SiTime - SiTime
5 30x Better - 10x Better
= £
E o _._—.——I—-I/.\.—._._-
S 0.10 ! -// 0 : : .
> 10 100 1000 10 100 1,000 10,000

Vibration Frequency (Hz)

Noise Frequency (kHz)
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Silicon MEMS Shock Sensitivity is 60k Times Better Than Quartz

Frequency Offset (ppm)

500~1500 g shock applied

46

rrrrrrrrrr
5555555555

Time (seconds)

Shock Sensitivity Compared to Quartz

17.6ppmig

13.3ppmig
11.7ppm/g

10

Shock Sensitivity (ppm/g)

L5l
T

<2e-4ppmig

Kyocera SiTime
ST2012B | i SiT15xx

MIL-STD-883F Method 2002, condition A: half sine wave
shock pulse, 500-g, 1ms

SiTime device tested at 1500-g and quartz XTAL+RTC
tested at 500-g

¥
} ( 10?34
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SiTime MEMS Oscillators are Inherently Robust Against Shock & Vibration

The resonator structure operates like a very stiff spring—>
Very difficult to affect through external force.

>1M g needed before resonator touches any surfaces. 55,000 times
greater than a Cannon!

N

A Cannon
Launches a
Ballistic with
a Force of
18k g
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Frequency Stability Low Power MEMS Oscillator (1-150MHz)

o0 1 T T

Measuring unit multipliers
= 1% 0.01 102

»= 1%, 0.001 103

= 1ppm 0.000001 10¢

‘ =25

108

____________________________________________________________________________

-
o

+20 PPM
Frequecy Variation (PPM)
=]

<
g

]
(4]
=]
I
[ ]

TyplcaIPerformance
i RangeofQuartz :
| Oscillators

. i i
5%0 0 50
Temperature (°C)
_‘_ l"—__

-40°C t0 85°C
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Product portfolio

pPower
32 kHZ
TCXO

1.2 mmd

SiT1552
+10, 13, 22 ppm

SiT1566/8

32 kHz
Oscillators

4
SiT1532/3
1508 & 2012

SiT1572
+50 ppm
1

/
SiT1630
-40to +105°C
2012, 50723

nPower
TCXO

1.2mm?

SiT1576
=5 ppm
1Hz-2 MHz
2.5 ns,, 1P

HPower
Oscillators

1.2mm

5iT1569
1 Hz-462 kHz
+50 ppm

SiT1579
1Hz-2 MHz
+50 ppm

SiT1534
1Hz32kHz
2012 Option

5iT8021
1-26 MHz

60-280 pA

2.5ns,, P

NanoDrive™ output
for lowest power

output

* Integrated RMS Phase Jitter (12 kHz to 20 MHz)

LVPECL, LVDS, HCSL

LVCMOS output

Low
Power
Oscillators

5iT1602

SiT8008/9
1-137 MHz
3.1-59mA

SiT8DO3XT

0.25 mm thin

1-110 MHz

3.1-5.9mA

SiT2001/2
1-137 MHz
S0T23-5

/|
High Temp

Oscillators

5iT1618
7.3728-48 MHz
4010 +125°C

SiT8918/9
1-137 MHz
40 to +125°C

SiTee20/1
1-137 MHz

55to +125°C

siT2020M
1-137 MHz
-55t0+125°C
50T23-5

Wearables,
Mobile, loT

Pin-to-pin compatible
with quartz devices

Available as field programmable
for use with Time Machine ||

Programmer

AEC-Q100
Automotive
Oscillators

5iT8924
1-110 MHz

5iT2024
1-110 MHz

SiT9025
1-144 MHz
308 Recluction

SiT9386/7
1-725 MHz
-40 to +105°C

5iT5186/7

SiT5386/7
1-220 MHz

0.1 10025 ppm

Spread Elite
Spectrum Low Jitter
Oscillators Oscillators

S5iT9005
17 di Reduction
1-141 MHz

SiT9003 SiT9366/7
Low Power 1-700 MHz
1-110 MHz 0.23 ps Jitter*

SiT9002
1-220 MHz Low Jitter
Oscillators

SiT8208/9
MHz
0.5 ps Jitter®

SiT9120
25-212.5 MHz
0.6 ps Jitter*

5iT9121/2

1-625 MHz
0.6 ps Jitter*

5iT3373
220-700 MHz
+10to 50 ppm

SiT3808/9
1-220 MHz

Elite
Super-
TCXO

5iT3372 5iT5356/7
10-220 MHz 1-220 MHz
+10to 50 ppm 0.1 to 0.25 ppm

SiT5155

1-40 MHz

0.5 ppm
0.35 ps Jitter”

SiT5156/7

+0.5t0 2.5 ppm
0.35 ps Jitter*

5iT3807
1.5-45 MHz

SiT5021

Elite
12C/SPI
Oscillator

5iT3521
1-340 MHz
0.23 ps

SiT3522
340-725 MHz
0.23ps

5iT3907
1-220 MHz

5iT3921/2
1-625 MHz

Industrial,
Automotive

Networking,
Server,
Storage,
Telco

endrich
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loT & Wearables

32 kHz
TCXO

1508 Pkg
(1.2 mm?)

SiT1552
+10,13,22 PPM

SiT1566/8
+ 5 PPM with
Auto-Calibration

418 pelPd

32 kHz
Oscillators
1508 Pkg
(1.2 mm?)

-

siT1532/3" |

1508 & 2012

SiT1630
-40 to +105°C
2012

SiT1534/ |
1 Hz-32 kHz
1508 & 2012

SiT1576
+ 5 PPM
1Hz -1 MHz
4 NS puslPd

NancoDrive™ output
for lowest power

B wemos output

SiTime kHz Offering

+ Smallest Package 1508 CSP

+ 85% Space Saving vs. Quartz

» 30% Lower Power consumption
+ Time/Clock accuracy

* Drives multiple loads

MCUs

Bluetooth

endrich
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Application examples
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Appl. Example: Single 32kHz XO/TCXO Drives the RTC, BLE, and Audio DAC

« Problem: Too many reference clocks, need to reduce BOM

« Solution: SiT1532/52 or SiT156x XO/TCXO drives multiple loads including
audio

- Key Advantages:
» 32kHz XO/TCXO drives multiple loads
» Smaller footprint than 2 x 32kHz XTALs + 4 load caps and one MHz XTAL + load caps
» Acceptable Integrated Phase Jitter (IPJ) performance, 2.5nsg,,s, to drive audio SoC
» Optional TCXO saves 30% additional system power

32-Bit Low-power
ARM Processor

SiT156x FiTime
32 kHz

(audio) & ol RTC
SiT1532/52
(no audio) BlueTooth .)))
Low-Energy .
(8L8) DAC or
— Sleep-Clock Codec
|

Endrich Bauelemente Vertriebs GmbH www.endrich.com
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When the size matters....

SiT1632/1570 XO Quartz XTAL
SiT1552/66 TCXO Solution

MCU, BLE, or
Chipset PMIC

MCU, BLE, or
Chipset PMIC

1.2mm? total
footprint

XTAL+Caps

I:l—» X~ %xm\\

= 32kHz CLK
\

Osc l/O Osc 1/O
| Features | SiT1532 | Quartz XTAL

Packigt;ch():c;tgsnnt w/ {801%2;; r:llzer) 5 5mm?2
Load Capacitors No Yes
Load Dependent Start-up No Yes
Bypass Caps No NA

18 Endrich Bauelemente Vertriebs GmbH www.endrich.com
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Appl. Example : SiT802x pPower MHz Oscillator Highlight

Frequency Frequency Supply Active Resume
Range Stability Voltage e LIt o Current Time
. 1.5 x 0.8mm 110 pA @ |
1-26 MHz 100 PPM 1.8V +10% csp -40to +85C 3 072 MHz 5ms LVCMOS

«  World’s lowest power MHz oscillator
110 pA active current (3.072MHz)

« Ultra-small package (1.5 mm x 0.8mm) at low frequency, Proﬂuctlon
) . ow
not easily available from quartz
«  Programmable drive strength for best EMI or driving P—
multiple loads ST|(1) (4)|GND
« Low Jitter for portable audio: 2.5nsgys IPJ (20Hz — 40kHz)
out|(2) (3 voD

19 Endrich Bauelemente Vertriebs GmbH www.endrich.com
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Appl. Example : SiT802x pPower MHz Oscillator Highlight

Frequency Frequency Supply Active Resume
Range Stability Voltage e LIt o Current Time
. 1.5 x 0.8mm 110 pA @ |
1-26 MHz 100 PPM 1.8V +10% csp -40to +85C 3 072 MHz 5ms LVCMOS

«  World’s lowest power MHz oscillator
110 pA active current (3.072MHz)

« Ultra-small package (1.5 mm x 0.8mm) at low frequency, Proﬂuctlon
) . ow
not easily available from quartz
«  Programmable drive strength for best EMI or driving P—
multiple loads ST|(1) (4)|GND
« Low Jitter for portable audio: 2.5nsgys IPJ (20Hz — 40kHz)
out|(2) (3 voD

20 Endrich Bauelemente Vertriebs GmbH www.endrich.com



components of life

SAVING BATTERY LIFE in handheld devices
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Typical RF sensor infrastructure

"Body Area neiwark "

Okos mériik s loT szenzer B
héldzatak

o @ ) l
~ - = | N J
cxm L PWAN

Szamlizds

Felhd alapi
kiizponli adathazis

Adatszolgéltald s érlesitési kbzpont

= WEB oltal

SMS vagy telefonos
artesitas

E-mail
ertesites

" Adalieldolgozd kizpont
A M (ad

m

Vezetéknélkiili (LPLAN és LPWAN alapii) loT infrastruktiira

Wireless communication @ loT

endrich
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= RF communication with battery based power

LPWAN or LPLAN (Body network) is use

= | PLAN : BLE (Bluetooth® Low Energy) or Zigbee,
= [PWAN LoRa, SigFox, or NB-loT

I

SLEEP

Main state is SLEEP, when hardly no power is consumed
Power consumption is in ACTIVE COMMUNICATION mode

Power consumption ~ Ton / Tsleep

ol

-— =

T

SLEEP

i
o

Endrich Bauelemente Vertriebs GmbH

www.endrich.com



Compare power consumption of different LPLAN technologies

e
w
wv

e
w

0.25

=
N

0.15

Current Consumption (mA)

e
=

0.05

= BLE
—7igBee
ANT
\\
\\
20 40 80 100

Sleep Interval (seconds)

120

endrich

components of life

Best example for lowest power consumption @ same sleep time

= BLE (Bluetooth® Low Energy)

= Zigbee and others have higher power consumpion in the function of

sleep time

= General rule is that power consumption reduces with sleep time

growth

I

SLEEP

ol

-— =

T

SLEEP

i
o
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Typical BLE hased communication block diagram

Sleep Clock —————> I ul
32.768 kHz D BLE D 24 MHz
T SoC T
32.768 kH
RTC/WD Clock ————> I_||:||_|z Bluetooth Antenna
. _ ol Y
Bio Sensor > Micro-Power |:| 16 MHz
. — MCU I
Bio Sensor > LT +— PMIC
[
[
Y e
Y
—|
FLASH -

endrich
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Main power consumers are :

BLE (Bluetooth® Low Energy)

Microcontroller

Wearables expectations / properties :

Small size

Collect and send data in short bursts

Return to the lowest power state asap

Stay in the lowest power state as long as feasible

Run for days on a small capacity, small footprint battery

Optimize current drain in a cyclic sleep scenario

Endrich Bauelemente Vertriebs GmbH

www.endrich.com
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Battery life calculation

endrich

Wake-up

Time

Active State

/ Shut-down
Time
Active State -
/ Sleep State
< Tsleep

Battery life is dictated by the coulombs consumed per cycle

u COUlombS = |aCtiVB'TON + |S|eep-T

sleep

= Expressed in pC or mAH

Endrich Bauelemente Vertriebs GmbH
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BLE communication and power consumption

BLE Average power is directly proportional to the ratio of
MASTER “ON” time to “Sleep” time
Talking to each other
Exchange exact time //A ON SLEEP % ON |
e e R NN

Sleey Sleey

Early ON time (AT) to accommodate inaccurate sleep
clock causes power penalty
e AT = (SLEEP CLOCK ACCURACY) * (SLEEP TIME)

v

Time difference AT

26 Endrich Bauelemente Vertriebs GmbH www.endrich.com



27

Sleep time vs Active time for better imagination

Sttty
|

| P!

Al m—f |™
It _

| (W
Piaglai bl b s A S a1
[} k

Are-procss Pasroromss

r

Connzcion Event /O Tima. 2.7 mz o 3ms

Sleep Time = 25
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Rx window widening by inaccurate RTC

Rx window width is proportional to (masterSCA + slaveSCA)

Time spent in high power consumption mode

= Rx window is open during the time early woken module is
waiting for signal from the other module

ﬂ = Transmit window ( Tx) is not a problem, as it is standard
Tx Post-process

RX
Wake up Pre-process ‘\(:V;;:L | |
: )

= A TRX = (SCAmaster + ScI‘\slave) *10° *A Tconnection

Sleepi

= Master device : we do not have an influence, so go for SCA
slave

28 Endrich Bauelemente Vertriebs GmbH www.endrich.com
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Measured ON time based on different SLEEP times

= masterSCA + slave SCA= 80 ppm
= For Sleep Time =4s; ON Time = 3.6 ms

1 illg ﬂig & ;¢g| B -5 ooc 1552575 <

]l Status | Scales |

Sleep Time (ms)
100

2000

4000

8000

16000

ON Time (ms)
2.9
3.2
3.6
4.3
5.2

endrich
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SCA affects Early ON time

| |Sleeptime=2sec | Sleep time=20 sec | Sleep time=50 sec

SleepClock Accuracy Early ON A Ty
(SCA)

ST 0.01 ms 0.25 ms
S 010 ms 1.0 ms 2.50 ms
70 ppm 0.14 ms 1.4 ms 3.590 ms

040 ms 10.0 ms
= @20 sec sleep time and SCA =5 ppm vs SCA= 200 ppm BLE’s forced inactive receive state (A Try) Shows 40X
difference

|ts effect to the power consumption is:

P2/P1 = (TON+ A TRX1 ) / (T0N+ A TRXZ) = 226

30 Endrich Bauelemente Vertriebs GmbH www.endrich.com
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Ideal BLE timing structure

Saving 2X 32kHz crystal resonator + 2 load caps

SiT1552 32.768 kHz TCXO
+-5 ppm, 1.5 mm x 0.8 mm

VDD
>

32.768 kHz WatchDog +
RTC

A

RF
Front End

Szenzor

Szenzor —p

Micro-Power
MCU

i

D0 &

12 MHz

<

FLASH

L

|:| 24 MHz

.y

Bluetooth Antenna
]
PMIC

[
/=
==
[
L
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Replacing the 32.768 kHz crystal resonator by a
tiny( 1.5x0.8mm) SiTime SiT1552 MEMS TCXO,
with +/-5 ppm accuracy on the whole -40 .. + 85
°C temperature range we will win :

= Space, as MEMS solution is able to drive
multiple CMOS load

= Space as replaced two bulky crystals
= Space as no need of 2 load capacitors

= PBattery life , as the better SCA offers more
than double battery lifetime

Endrich Bauelemente Vertriebs GmbH
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Programming oscillators
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Time Machine Il — Program Oscillators to Your Exact Specification Instantly

Instant Oscillators — Create Quartz XO

HiTime -
— e e _ Replacement in Seconds
S « Any frequency
« Any stability
Time Machine I » Any Voltage

« Any package

Features and Benefits

* Fast: One-click programming of SiTime oscillators

« Convenient: USB powered, compatible with all PC

« Portable: Small, thin and easy to carry

* User Friendly: Intuitive Ul, built-in part # generator, history

« Auto Update: Hassle free upgrade to latest software
« Future Proof: Support future devices
« Durable: Connectors and sockets are rated for 5000 insertions

endrich
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Time Machine Il - Program Oscillators to Your Exact Specification Instantly

Part number configuration g

Creating instant part number

The buit-in part number configuratiom makes it possible to
generate a P/N that contains all technical information about the
oscillator.

Time Machine View Help

| SiT20018BI-51-XXN-8.000000

$ Part Nungber Generator

| Please entgr a valid Part Number | Program
TR TORBET Genesor == Datasheet [Ch2]

=)

Fase enter fa Tracking ID {optional)

>

Additiona| Infarmation

Datasheet on the fly
Getting the datasheet ready

Parallel to the P/N gerneration, the datasheet is being built
automatically.

fm Part Number Generator

512001~ | Part Number Generator
Frequency 2.000000
Revision Letter
Frequency Stability +25PPM () =50PPM
Temperature Range -20to 70

18V 2.3V 2.8V 3.0V

Package Size @ S0T23-5 (2.9x2.8mm)

Supply Voltage

Drive Strength R - |

SiTime Part number is:
SiT2001BI-51-XXN-8.000000

\,

0K Canc

33V

Feature Pin _) Output Enable Standby

el

y

Programming

Physical programming the oscillator
The values set in the P/N generator are field programmed into
the blank oscillator chip.

E Disconnected

Status information

Connectivity and programming status
The status of the programming as well as the device

connection status can be followed here

Endrich Bauelemente Vertriebs GmbH
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