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e |P prowder of PLLs, Oscillators and ngh—speed Interfaces
 Founded 2006 — self-funded, profitable and growing
e Design offices in Atlanta, USA and Krakow, Poland

e >330 customers (>130 in China)

* Mass production in many FinFET
process nodes with PLL IPs ready
now down to Samsung Foundry
4nm LPE
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Highest volume analog IPs

Our PLLs have been produced on
millions of wafers

robust design and good QA
are essential

PLL products include general

purpose, fractional, low jitter AFE,

LW loT, Automotive

PLLs available now in Samsung
Foundry 28FDSOI and FinFET
processes from 10LPP/LPE to
4LPE
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(]
Types of Jitter 2~ RS
15t Period 2"d period Nth Period
1 — %k
time =1, time=1,+1, time=N*rt

>> 1/PLL bandwidth

§Z_\7 CON_ A\

! , Period Jitter Cycle-Cycle Jitter Long Term litter
Scope trigger
o(t,) o(t, - 1,) = V2 x o(t4) o(Ty)
Short term jitter — Determined by PLL
determined by VCO closed loop
Important for digital Important for
timing (“STA”) ADC/DAC and SerDes
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Fractional-N PLL f 2 R
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INT, FRAC, AT + M !
: Modulator I
L o e mememm
F _ Fin M _avg Fout_step 1
M_avg = INT + X Fout = N X P Fout = M x 2%

With x= 24 (bits), typical M > 20, LSB change in Fout < 0.003ppm (>10,000ppm for
integer PLL)
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E.g. Average FBDIV of 10.25 0w o

m Values Sequence

000100010001 000100001

10+
0,1

© Simple @ Repeats at % Fin ... “spurs” in Fout
101-23-22002-10100-=210D01

123

© Tones (spurs) much reduced @ More complex
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DAC to Fi ﬁ |onal Jltter

| I
Fin ——5 =N PFD Loop VCO =P > Fout
I Filter I
1 N A |
N I
I N P |
I I
INT, FRAC AY + M ;
: Modulator I
|
|
: DAC :
| 1
e o e o o o o o o e e o e e e e e e e e e e )

Feed inverse of impulse errors forward to loop filter. DAC re-uses existing
transistors and current, so adds almost no area, and almost no power.
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DAC Performance Measured
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Phase noise with and without

DAC. Performance is improved

dramatically.

v" Flexible: Any output
frequency with any Xtal

v Good PPA: Use FRAC PLL to
make a low jitter clock
e.g. SRIS clock for PCle

Settings Residual Noise
Signal Freq 1.249994 GHz Eval from 1kHz to 1 GHz
Signal Level 1.25 dBm Residual PM 1.331°
Signal Freq & -2.83 Hz Residual FM 1.958 MHz
Signal Level & 0.41 dBm RMS Jitter 2.9568 ps

Top -70 dBcfHz RF Atten 12 dB
SGL

Spot Noise [T2]

1 kHz -92.43 dBc/Hz
10 kHz -97.80 dBc/Hz
100 kHz -96.50 dBc/Hz
1 MHz -100.08 dBc/Hz

@ 1 View Smth 1% @ 2 View Smth 1% @ = Vew Smth 1%

—-80

—-90

20dB better
with DAC on
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Integrated Phase Jitter (ps)
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Integrated Phase Jitter vs. FVCO
NN-2-31, INT Mode, 25 °C, FOUT=400 MHz
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Lock Detect
Fin ——| |
-163  PFD H T vco +1-8]  [+1-8 — Fout
60 rostont postowe °1 Share supplies with
e f‘:gf’;g;kﬁgggf | 2 phase)| | many PLLs for low die
+20-320 Fractional |
Ty — — 2] area.
S . LB . [
INT ;i'gj ' '0-0.9993929940395 "Ploa 10 Supply (9 gOOd PSRR)
FRAC———> '

Core supplies

FB Clock output — allows new INT, FRAC on every divided Fin edge. PLL will move
predictably to new programmed frequency without losing LOCK for Dynamic
Frequency Scaling (DFS).
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ExactSpeadSpectru  ZMCkions

Digital modulator continuously changes the target frequency for exact spread
spectrum shape & modulation frequency. Soft IP (RTL), 4k gates

| Look Detect ¢ Agilent  00:06:43 Oct 8, 20

Mkrl & 7.125 MHz
Frequen'jl" Ref 10 dBm “fitten 20 dB -21.96 dB
D Lo Peak 1R
Podhomn Sodtonz Log J *
: Feedback Divide L hd 18
ey - B/
) T +2 '/‘“lil" 1
5:; E\Wsssé?wtms s DA j /wamm‘f‘t i
'Marker a H
7125000z || | | \
Spread Spectrum -21196 I{ il \ \I
IN1-, Modulator ] -S'F"-Eaj v UZW/V"W | hvl "t\flls | W"‘M“W\
Internal 3 FC .,.A;ﬂ i Al g, : /
FRAC W m— Certer Spread aal L _WM“HM.%"J ' im?%w%w ‘Q'W‘
K] s Diow'n Spread [pab T i sl
S CLKSSCG TBLADDR ==
——~.| DOWNSPREAD
| f,.%%??FE’EQ Time Center 401.6 MHz Span 50 MHz
, INT. FRAC #Res BW 100 kHz 4YBH 30 kHz Sweep 14.43 ms (401 pts)
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JltterCIeanerPLL 2o

. Dlgltal Filter (RTL =19k gates) sets multlpller for fixed clock for FRAC PLL

* Integrated LTJ <1ps and Bandwidth <1Hz possible ... replaces $8 to $30
external chip

* C(Cleans jitter in noisy recovered clock for Sync-E or Optical Networking;
Generates average of spread spectrum input for FIFO

- Indut i
@_ _ ) _ : Clean =N
= @ @) MTClock ] \
Xtal {TM PoSTONY  POSTONZ o = I ALl
;E:E I :o-o.eaawas‘ms DA ﬂ . -/If ) ‘ Ut p u.
Digital PLL ‘ '
Noisy/Spread/ — INT, "
Clock |
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Software
(Embedded or Tester)

* Measures jitter and duty cycle of on-chip clock
e Synthesizable RTL

On-Die RTL: 1.0
Clock  bat; 0.9
additional PLL R.etlmers 0.8
5 e Find-edge _ 07
Ry ! Phase-step Z 06
—— . | Sample-count 2 05
= | -, - B 4
| % 04
AN 0.3
Or Tester Clock o
Spare FRAC PLL enables chip to test itself 0.1

o 0 \ 1 7}
Or Production Test mode -20ps Ops 20ps
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e Core voltage onIy: easy to integrate and low power

* Below 0.01mm?
e Self-calibration of device mismatch

OFFSETCALEN
—_— OFFSETCALLOCK

OFFSETCALOUT[11:0

orrseTrasTeaL] L ‘\//g g ’?D(Anaﬁg 8“7’)) ) [orFsETCALLOCKI 0
OFFSETCALCNT[2:0] Igital Supply, T E—
e G L0 LOCK
OFFSETCALIN[11:0] D o Lock Detect
OFFSETCALBYP
POSTDIV[2:0]
FREF |
+1-128 |[FouTsxaxax

CP Binary [
L] = 0 Hg I_E FOUT4X2X1X
1,24 PFD d) N a E } —
BYPA
CKFB ‘ VOOSEL<0L T ASS F2]-J) vooseLsis
el <2 | FOUT1X
= I H—
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> Silicon Creations introduction

> Kinds of Jitter and a DAC inside a PLL
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> Other PLLs and clocks
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* Silicon Creations has been providing reliable, high-performance clocking
and SerDes solutions since 2006

e Our Fractional-N PLL is production proven with the highest volumes of any
mixed signal IP; Collaboration with Samsung Foundry has helped us
provide silicon proven FRAC PLLs in 28FDSOI, 10LPP/LPE, 7LPP, and 5LPP
with 4LPE silicon expected soon

* Fractional-N PLLs together with RTL provide very flexible solutions to
complex problems with low risk while reducing system BOM or reducing
test cost

* For more information, please contact sales@siliconcr.com or visit our
booth #1338 on the ground floor

"© Silicon Creations, 2022 One size fits all PLL 20
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