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Clocks-generation

m 320 MHz clock generated by a PLL from 40 MHz output clock (also use for slow control)
0O CLKRESCUE is available to bypass the PLL

m All other clocks are derived from the PLL output
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A Charge-pump PLL
VCO implementation: Ring oscillator

Integrated voltage regulator (LDO) for VCO

N
LDO Analog Power/Ground

Integrated Lock detection circuitry | AT ITRE. “’°'“"‘"1'5"‘?:_’°”'8’°‘V

Divider with Triple Modular Redundancy (TMR)
implementation

m Single power supply: analog power domain (1.8V)

= Post-layout simulation at nominal condition
AVDD=1.8V,DVDD=1.8V, T=27°C, Nominal corner

— PLL measurements
(cf MIMOSIS21_PLL_PRELIMINARY_TESTS 251117 _1030)
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Detector System-clocking scheme

m Common clock scheme:

O Serial Data from the sensor is synchronized with clock signal provided by the Front-end readout chip (GBTX, FPGA,...)
0 No return clock signal required

0 Phase alignment of Serial Data carried out in Front-end readout chip
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PELE Core ditterPerformance

m PLL core consists of five essential building blocks of the PLL: Phase Frequency Detector (PFD),
Charge Pump (CP), Loop filter (LPF), Voltage-controller Oscillator (VCO) and Divider

m Jitter Measurement with CLKPLL output
m PLL Core design is operational and fulfills the requirements in low power supply noise conditions

LDO disabled, pixel matrix steering and readout not started

Q

TIE histogram of the CLKPLL, LDO disabled

20 ps/div

Eye diagram DATA[O] LVDS buffer output,
Data Pattern: ([OxAAAA] x 8),
Clock period: 3.125 ns (320 MHz), LDO disabled
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v v v 4 v
s RECEIVER
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- 1 Ll
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Issue-1:Integrated L DO

m  Main task of LDO: To provide a stable and a low-noise power-supply (1.5V) for the VCO
m  Problem: Power-supply noise reduction performance of the LDO is inadequate (LDO output unstable)

m DO cannot be tested directly (no access to LDO output) Eye diagram DATA[0] LVDS buffer output, Data Pattern: ([OxAAAA] x 8),
Clock period: 3.125 ns (320 MHz), LDO enabled

TIE histogram of the CLKPLL, LDO enabled

500 ps/div
&5
<
= -
EyeHeight Eyelne EveZero EveAmpl EveWidth EyeCross
670.8mV 4705mv -434.8mv 905.3 mv 2.044 ns 4367 % |
) : ) m— ) / ) TIE TRACK OF CLKPLL OUTPUT
SDA Jitter Ti(1e-12] Riisp) Dij(sp] BitRate Fi 400 — 00 OFF
value 1.4465 ns 918 ps 1367 ps  320.0045MHz 20215 ps
s s s v v 00 =
TIE<O TIE>O0
ANALOG
LDO_VREF VDDA TIME INTERVAL ERROR 00 ;‘
“ (1.8v) TIEn4 TIE, / TIEn+1 / TIEn+2 ‘ q
< \ — —>|7<—//'— —»ff—//f —r—— 100
W= A un \ LI A TRLT
=] X % o
\_ 15V CLOCK ’e » ' v i N ' X
SIGNAL ps ' ' ’ ' ’
POWER DOMAIN 1.5V ] [ a0 \ d
CLK_ouT
VOLTAGE-CONTROLLED (320 MHz) REFERENCE 20 V
) OSCILLATOR m— CLOCK
(vco) | SIGNAL 300
Ll [ () n}
. . . . -400
J TIE = Measured Arrival Time — Expected Arrival Time 200 150 100 50 00 us 5o 100 150 200
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Issue 27 Sequencer-block-driven-digital-activity increases jitter in"PLL

m  Without LDO, the Sequencer driven digital activity results in a increase of jitter in PLL block

m The noise injection is concentrated at the end/start phase of the pixel frame readout (T =5 us)

Frame_Readout

. TIE Histogram - CLKPLL output
CLKPLL output - Instantaneous clock frequency-tracking plot

in persistence mode PLL Mode, internal current
reference IREFPLL = 1 uA

I Data Marker, T=5 us —
_200ps/div =
Til1e-12] Rilsp) Dilsp)
G13.1 ps 357 ps 1036 ps
v v v

=D
— 50 ps/div

Data Marker C N LI A © 500 ns/div - -

-1.0 us O us 2.5us
Frame(N-1) Frame(N)
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A-Temporary-Solution tomitigate the PLL jitter-isstie

m LDO is disabled!
m  Due to use of external reference current (IREFPLL_EXT), the reactivity of the PLL loop (BW) can be adapted
m |REFPLL reference current increased from 1 uA to 7.3 uA to obtain required operation mode
0 Drawback: PLL loop bandwidth increased -> PLL is more sensible for the reference clock jitter
TIE Track - CLKPLL output :z:ttz::
00 ReroLL ExT 9308 .o TIE Histogram - CLKPLL output
— IREFPLLINT_1uA —IREFPLL_EXT_4.3uA
150 0.9 ——IREFPLL_EXT_7.3uA
0.8 ——IREFPLL_EXT_9.3uA
o ——IREF_INT_1uA
0.7
| Z o6 h Pl
ps | = TJ(1e12 RJ DJ LOOP
\ E (pS) o
0 = 05 \VH
E
g n 613 38 104 1.04b)
. ! 0.4
= : “ 366 21 67 2.06%
o i > 391 19 17 334"
i 02 “ 398 19 125 370"
15ﬂ-u.s céu 05 10 us 1s 20 25 01 J a) Intc.ernal.current reference
Frame(N-l) ! Frame(N) o = b)  Estimation
i -0.30 .20 -0.10 0.00 ps 0.10 0.20 0.30
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus input clock with additional random jitter
= Noise signal of (R],,,,s = 6.4 ps) is added to the input CLK

CLK w0 Phase Noise
SLVS TEST_REF_CLOCK ~ ~—— SIM_REF_CLOCK
RECEIVER _ [ — -
CLK !
{40 MHz)
60
. -70
Edge phase noise (Vsource)
CLKPLL
SLVS -80
Display noise parameters v DRIVER =
I -9
Generate noise? yes n g
CLEPLL g
Noise Entry Method - File & Noise/Frequency points (320 MHz) z
Noise type Edge Phase Noise(dBc) n > 110
Num. of noise/freq pairs 4 .120
Freg 1 10
-130
Noise 1 -75
-140
Freqg 2 120
Noise 2 -107 150
10 100 1000 10000 100000 1000000 10000000
Freq3 50K Offset Freq (Hz)
Noise 3 -115 Input Clk noise signal (Test vs simulation)
Freq 4 500K
Noise 4 -137
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus input clock with additional random jitter

= s Nojse = s Npise
40 Phase Noise 40 Phase Noise
TEST —SIM_R¥_PLL_input_ncise_LDOon e SIM_RX_PLL_DRV_input_neise_LDOon —— TEST_LDOoff ——SIM_RX_PLL_DRY_input_noise_LDOoff ——SIM_R¥_PLL_input_nocise_LDOoff
-50 -50
-60 60
70 70
-80 80
o =
z -0 I -9
& &
= -100 = -100
=% o
S110 -110
S120 -120
-130 -130
-140 -140
-150 -150
10 100 1000 10000 100000 1000000 10000000 100000000 1E+09 10 100 1000 10000 100000 1000000 10000000 100000000 1E+09
Offset Fraq (Hz) Offset Freq (Hz)
CIKPLL noise signal (Test vs post-simulation): LDO_ON CIkPLL noise signal (Test vs post-simulation): LDO_OFF

o LDO_ON => Good correspondence between

test and post-simulation results Pnoise results RX_PLL_DRV
Configuration RJ_rms (ps)/ Test RJ_rms (ps)/ Post-simulation
o LDO_OFF => Low noise level LDO_ON 110.7 130
LDO_OFF 7.2 19.5

(100Hz to 1MHz => ARJ,,,, = 15dB)
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PLLjitter issue

m Test vs simulation: CIKPLL jitter performance versus external Iref _ext bias current

Edge phase noise

-40

50 TEST_LDOoff SIM_LDOoff SIM_9.3uA =——SIM_7.3uA =——SIM_4.3uA , , ,
e SIM_2.7UA === TEST_2.7UA = TEST_4.3uA TEST_7.3uA =——TEST_9.3uA PNOISE S|mUIatlon rESUItS LDO ON PLL V3

-60 TEST SIM
L)

N | 57 60.09
= ) 33 38.83
3 }‘ M 19 25.42
= W Y
2 90 T Vi ""1;‘1 19 23.43
g 100 \ M \ ‘ Iﬂ[ I'H" 1'7“?‘

g- X Nv "\ | ! y ’
TR T | .
& \L.Lk‘y ‘ o Correlation between test & simulation results

-120 n,

TR
130 i o Increasing external bias current => Lower CIkPLL jitter
li
-140 '
-150
10 100 1000 10000 100000 1000000 10000000 100000000 1E+09
Freq (Hz)
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PLLlocking time

m Test vs simulation

Test

INSTANTANEOUS FREQUENCY DURING PLL LOCKING PROCESUS VS IREFPLL CURRENT

1
2.7
4.3

7.3
9.3

11/12/2025

350.0

y (MHz)

$300.01
El

freq

250.0

200.0

4.9
3.5
2.8

2.7
2.6

MIMOSIS-3 Design Review
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Simulation

T
6.0

T T T
8.0 9.0 10.0
time (us)

Iref (uA) Measured locking time (us) Simulated locking time (us)
- 4.6 5.1

5.2
3.25
2.83

2.5
2.4
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PLLimprovements

m [ncrease biasing current: IVBAN, ICP?

Edge phase noise @ Iref_ext

TEST LDOOff  ———TEST 27uA  ———TEST 4.3uA TEST 73U ——TEST 9.30A o Increasing external bias current => Lower CIkPLL jitter
40 * Increasing Iref_ext = increasing biasing currents in LDO and CP
-50
-60
70 ‘ ~ Iref _ext (UA LDO/IVBAN (uA CcP ICP uA
g 20 ' J 2.5
g - R ” 6.5 13
g %0 TANL ”ul ' 10 20.4
g -100 b \ ! Ir ;J“* 'r ﬁ W” 16 32
g AN l
= il r*,,, 5,. 17.75 35.5
2 !
-120 b |
R
-130 li |
-140
-150
10 100 1000 10000 100000 1000000 10000000 100000000

Freq (Hz)
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PLLimprovements

m [ncrease of LDO bias current (IVBAN)

Edge phase noise for different LDO bias currents (IVBAN)/PLL_V3

——|VBAN = 2.5uA & PWR = AVDD

0 —&— IVBAN = 10uA & PWR = AVDD PNoise simulation results / LDO ON /PLL_V3
—@— IVBAN = 15uA & PWR = AVDD IVBAN (uA) Random jitter (Jee): RMS (ps)
20 IVBAN = 20uA & PWR = AVDD 132
146
o 138
[+]
3 [y, 142
g ~
.:’})o LDO bias current increase =>~ No change on PLL noise
©
-120
-140
-160
1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,E+09

Frequency (Hz)
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PLL-improvements

m [ncrease of CP bias current (ICP)

Edge phase noise @ ICP Edge phase noise @ Iref_ext

0
—@—PLL_V3 (ICP = 5uA & PWR = AVDD & LDO_OFF) 40 TEST_LDOoff ~ =———TEST_2.7uA ——TEST_4.3uA TEST_7.3uA  ——TEST_9.3uA
—@—PLL_V3 (ICP = 5uA & PWR = AVDD & LDO_ON)
-20
-50
—@—PLL_V3 (ICP = 20.4uA & PWR = AVDD & LDO_ON)
20 PLL_V3 (ICP = 32uA & PWR = AVDD & LDO_ON) -60
PLL_V3 (ICP = 35.5uA & PWR = AVDD & LDO_ON) ‘ !
. -70 '
I — | "
S 60 N
3 S -80 4l
g % “‘ fl J‘
o o - v 1
S g0 $-90 v ”1”" A
() = { i h
" (@) \ \ i \ .
_::B c ‘ ' ' ‘\ﬁ
3 2100 'j ,, 1y mr |
§ -100 2 TV, B LY 1l M \
© o 1 LK
o @110 | |
g "
-120 -120 I
[
-130 |
-140 AN
]
-140
-160
1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,e+09 0
10 100 1000 10000 100000 1000000 10000000 100000000

Freq (Hz)
Freq (Hz)

* Noise in simulation results @ ICP <> Noise in test results @ Iref ext
* Major contribution of ICP on random jitter
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m PLL noise (Iref_ext vs ICP)

PLL-improvements

LDO PLL PNoise test results PLL PNoise simulation results
Configuration Iref_ext (UA) Random jitter (Jee): RMS (ps) ICP (uA) Random jitter (Jee): RMS (ps)
OFF 1 ( 8 ) 5 4 12 )

ON 1 121 5 132

ON 4.3 33 204 36.16

ON 7.3 19 32 22.8

ON 9.2 \_ 19 Y, 35.5 \_ 20.4 W,

11/12/2025

o Good correspondence of PLL jitter improvement:

* Increasing external biasing current

* Increasing CP biasing current

o Increasing ICP to 20uA => Lower jitter (factor of 3.6)

MIMOSIS-3 Design Review
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PLL-improvements

m Frequency divider (DIV8 vote2)

_____________________________________________________________________________________

= Sampling the output stage L D Q L“ Q L“ Q CEKOUT1§=4OMHZ D Q CL=KOUT2§:4OMHZ
- - 'l CLKIN=320MHz—1> | CLKIN —& :
with the input clock (CLKIN) i . 5 - | 5 |
i DIV_V1 ) !
S e o o e o o - DIV_V2 ,
-60
Pnoise frequency divider simulation results —e—DIV_V1
-80
Configuration Random jitter: RMS (fs) —e—DIV V2
DIV_V1 (Schematic-simu) 22.6 N ol
E -100 DIV_V1_Post-simulation
DIV_V1 (Post- simu) 29.84 @
DIV_V2 (schematic simu) 14.38 :
; -120
£
; B 140
o Low jitter of CIkDIV (fs) =
-160
-180
1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08
Frequency (Hz)
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PLL-improvements

\
/e e o e e e e e e e
17 N ,
—> Sampling the output stage with ! . ¢ . i ) |
! : CLKOUT1=40MHz CLKOUT2=40MHz
the input clock (CLKIN) > e 9 o9 S >0 T
1 = 1 !
: , CLKIN=320MHz = | CLKIN - :
1 - — = 1 =
1
H 1
. . 11+ Noise (RJ=100ps) e e e ! ¢ .
— Add a noise on the input CLK '\ DIV_V1 |
N = e e e e e e T . DIV_V2 /
. . - v
(vbit with RJ of 100ps) B g
histogram2D (period_jitter(VT("/COUT") "rising" ?mode "user" ?threshold 0.9 ?binSize 0 ?xName "time" ?outputType "plot" ) 10 "standard" nil t nil) Wed Nov 5 11:58:38 2025 3
Il histogram2D(period_jitter(VT(*/COUT") “rising" mode "user” Mthreshold 0.9 ThinSize 0 2xName "time" ToutputType "plot” ) 10 “standard" il t nil) DlV_V].
= RJ in the time domaine (Std Dev) oo e 56539
120.0 Number 623
' Std Dev 142.059p
£100.0
=
3 80.0
histogram2D (period jitter(VT("/CIN") "rising" ?mode "user" threshold 0.9 ?binSize 0 ?xName "time" ?outputType "plot” ) 10 "standard" nil t nil) Wed Nov 5 11:37:55 2025 1 ig
.nswgmmlpenw  jitter{VT("/CIN') "rising* ?mode "user” threshold 0.9 7binSize 0 7xName time* outputType "plot" ) 10 “standard" ril t nil) c LKIN g 60.0
PEiE R a 40.0
123 | Mean -185.326E:27 | 00
Number4999 ‘ :
) & ‘ bkt T T T T T T T T T T T T T T T T T T T T T
Q R E AL L L e R L LA L e Rl LA e ey
:08 _> -4500 -400.0 -350.0 -300.0 -250.0 -200.0 -150.0 -100.0 -50.0 0.0 50.0 1000 1500 2000 250.0 300.0 350.0 400.0 450.0 500.0 550.0
2087 — Valnee fne)
-3
E histogram2D(period_jitter(VT("/COUT") "rising” ?mode "user" ?threshold 0.9 ?binSize 0 ?xName "time” ?outputType "plot” ) 10 "standard" nil t nil) Wed Nov 5 11:37:55 2025 3
206- .Nsmgramll:v[perinumeﬂvﬂ'I(DUT'J "rising" ?mode "user" ?threshold 0.9 7binSize 0 ?xName "time" ZoutputType "plot” ) 10 "standard" nil t nil) DIV_VZ
3 ) 150.0
43 Mean 3.21328y
125.0 Number 624
027 Std Dev 144.446p
£ 1000
E
Wmmwmmmmmmmmmm (g
5000 4500 -400.0 -350.0 -3000 -250.0 -2000 -1500 -1000 -500 0.0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 550.0 e 750
Values (ps) s
50.0
25.0

o Low jitter of CIkDIV => Negligable improvement

T T T T T T RRARRLALL RRRRRARLE: T T T T T T T T T T T T T
-5000 -4500 -4000 -3500 -300.0 -250.0 -200.0 -150.0 -100.0 -50.0 0.0 50.0 100.0  150.0  200.0  250.0 300.0 350.0 400.0 4500 500.0

Values (ps)
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PLL-improvements

m LDO stability
O Pre-start: IL = 20uA => system non stable => start to be stable @IL > 86uA
0 VCO enabled:IL = 200uA => system stable=>PM = 116.1deg, GM = 8.8dB
0 Fullload: IL = 530uA => system stable=>PM = 116deg, GM = 14.8dB

gain margins in M2@2,5uAin function to lout_statique for 20uA, 200uA, 530uA = = Phase and gain margins in M2@2,5uAin function to lout_statique from 80uA to 100uA

PM =70deg
Loop Gain Phase_M2:Loop Gain dB20_M2 Wed Nov 26 17:24:37 20... 1 Loop Gain Phase_M2:Loop Gain dB20_M2 IL=530uA Wed Nov 26 17:23:01 20... 1
ve - .
150.0
I Loop Gain Prase M2 ey 40.0 I Loop Gain Phase M2 i - 40.0
100.0 D e TSR 100.0 =
Loop Gain 4820 M2 — | scalar outputs n 3620 — | scalar outputs

MIMOSIS3_PLL_tb_LDO_m2_1 200 P— MIMOSIS3_PLL_tb_LDO_m2_1 £20.0
g Phase Margin_M2 116.14 5 151,’ : Phase Margin_M2 116.03 g
S 004 Gain Margin_M2 8.88846 Foo = 3 Gain Margin_M2 14.8722 too S
z ————— - 3 2 00 — — ]
3 : 3 :
& 2002 & 50,0 2002
8 g 8 &
=.100.0 e = =

-40.0 -100.0 G

-60.0 13003 60.0

-200.04
r T T T
¢ 107 To# 10° Tow 10° 10 10° 10° 10 10° 10
freq (Hz)

11/12/2025
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PLL ,i_mb'ljov'er_n:en'ts -

m Power rejection ratio (PSRR) of VCO

= Immunity to noise sources => PSS & PXF analysis - PSRR_VCO

PSRR_VCO (IVBAN = 2.5uA)

e 40 —— PSRR_VCO (IVBAN = 10uA)
PSRR Viune sensitivity  dbA/0Viyne
= — = PSRR_VCO (IVBAN = 20uA
Vpp sensitivity AbA/IVpp % PRR_VCO | uA)
) |
% 20 AMH: 12/\/15}# i:EMHz
© | i
2 L
& 10 v
© p i
= |
0
-10
-20
1,00E+01 1,00E+03 1,00E+05 1,00E+07 1,00E+09

Freq (Hz)

o For differents I,5 4y : Strong supply noise rejection up to
10KHz (> 40dB)

Viune = 672mv = F,co = 320MHz

e Iypan = 2,5uA, 10uA, 20uA o Increase Iyg 4y => increase frequency range of (PSRR > 0dB)

e I ETrNEEY AR T I ITR R FESIFIIR -"TIFER pey | G BT INME Sy D YTMIITENNI D s | T, T T @ T LAV IS VERE WA AR S
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Power supply-inducedjitterissue

m High dependence between jitter and high-power period (every frame)
0 Around 500 ps / 100 mV (check with power supply variation)

O Simulations match measurements within 1%
m 1/3in clock tree
m 2/3in data path

m Variation too significant to be offset by the acquisition
0 A variation around 100 mV on power supply is expected
O Leads to synchronization lost

. -— ! TELEDYNE LECROY
% +, AP e Data Path=4.2 + 0.8 ns
[#i

AL
4 A

A \
':" £t 1 ¥ '1 l’[ o
At MMWJ\M“} { MNWW.»N;\ WSRO \,,r‘

\ L ¥
|
i R a ‘ SLVS
— ‘ PAD
L J
73 ] ey e

N Y Value=nominal_delay@1.8V + additional_delay@1.55V
~

Clock tree =3.4+ 0.4 ns

sis21n15_clkpll1_dmk1_8ch_clkpatl_clkpatd0_seq_base_nominal_dacs_vcol_not_started_tietrack-00000.png

Tj(1e-12) = 1022.1 ps, Rj(sp) = 67.7 ps, Dj(p) = 55.6 ps, Pj = 76.0 ps
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Power -stupply-on MIMOSIS-2.1

m Large IR drop every 5 us
0 End of frame and Beginning of a new one

O Comes from header write in region memory

Time vs Voltage Effective voltage based on Voltus

Voltage (V)

Time (us)

e SNV SR I I B S T BE I PE IR F A FERE ey | i W v § VL M S N D YT WY N B | T 4 T T W L W LE VR WV WA A Se—
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Zoom on-effective-voltage

m Each clock edge is seen

Time vs Voltage

1.77
1.765
1.76

1.755

Voltage (V)

1.75

1.745

1.74

31 3.17, 3.14 3.16 3.18

Time (us)

20 MHz 80 MHz 40 MHz 320 MHz 20 MHz
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Model-of power-supply-induced jitter

m Based on a SystemVerilog delay line dynamically dependent on power

O AT1 and AT2 proportional to IR drop (calibrated with STA)
O SLVS and LOAD are using dynamic power

Data path=4.2 + AT2 ns

/—%

PRBS31

— delay line

H_/

Clock tree =3.4 + AT1 ns

Ideal Power only clock jitter

SLVS

PAD LOAD

Q delay line

System\.-"erilog§ Spice netlist

3 times IR drop and same clock jitter

11/12/2025 MIMOSIS-3 Design Review
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Power supply-indtcedjitter mitigation

m Two solutions:

0 Reduce power variations
m  Need to rethink the readout since the variations is present for ~200 ns (end of frame + restart of new one)

0 Reduce phase shift

m Increase robustness on external power supply variation

m Mitigation measure for MIMOSIS-3
O Add a FIFO to resynchronize the output = Reduce Data path and Clock tree variations
O Backup solution resample with a flip-flop close to the output = Reduce Data path variations

Data Path=4.2 + 0.8 ns Data Path=4.2 + 0.8 ns

b a I I FIFO — 25 b a I I

SLVS
PAD

Clock tree = 3.4 + 0.4 ns > _____ > Clock tree = 3.4 + 0.4 ns > _____ >
%{—J %{—/
Clock tree =1 +0.2ns Clock tree = 3.4 + 0.4 ns
FIFO resynchronization Flip-Flop resynchronization

17/11/2025 ECE meeting — frederic.morel@iphc.cnrs.fr 26



Power supply-indtcedjitter mitigation

m Reduction by a factor of 3.5 the total jitter
O From 1.1 nsto 300 ps

3 times IR drop with FIFO 3 times IR drop for MIMOSIS-2.1

200.0

V(mv)

0.0

-100.0+4

-200.0
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HE-track-with-simulated delay line

m No model of PLL = No undershoot

0 For nominal IR drop

i IR
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Conclusion

m PLL could be improved but are not the main source of the deterministic jitter

m To improve the PLL
0 Split the current for LDO and Charge Pump
O Add trimming bits on both currents
0 No modification for the LDO
m Could be disable if needed
0 No modification for the divider

m  Gainis limited compared to the overall performances
m To improve the clock tree and data path

O Use a FIFO for resynchronization to reduce clock tree and data path latency

0 If the implementation is difficult use a flip-flop as backup solution
m Limit the gain by removing only the data path latency
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PLLimprovements

m [ncrease of the CP bias current (ICP)
Edge phase noise for different CP bias currents (ICP) / PLL_V3

0
PNoise simulation results / LDO ON / PLL_V3
—O—IIP=SuA&PWR =AVDD & LDD_ON ICP (UA) Random jitter (Jee): RMS (ps)
20 —@—ICP = 10uA & PWR = AVDD & LDO_ON 132
—— ICP = 15uA & PWR = AVDD & LDO_ON 74,57
40 49,55
—@—ICP = 20uA & PWR = AVDD & LDO_ON
39.93
Z 60
o
T
b
.g 80
2 Increasing CP bias current => Less PLL noise
s
%100
-120
-140
-160
1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,E+09
Frequency (Hz)
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus input clock with additional random jitter
—> PSS & Pnoise simulation: LDO ON

PSS
Engine & Shooting . Harmonic Balance
Fundamental Tones
|# Name Expr Value Signal Srcld
2 1/(per-0) 40M Large v7
1 1/(per-0) 40M Large V5

Large n

Update From Hierarchy

|

. Clear/Add Delete

& Beat Frequency —
40M Auto Calculate

« Beat Period

Output harmonics

Number of harmonics n 40

Transient-Aided Options

Run transient? & Yes . No _ Decide automatically

Detect Steady State J Stop Time (tstab) 14u

Run Envelope tstab & yes o no

11/12/2025

PNoise
Periodic Noise Analysis 0 Phase Noise
y(hz) ‘m TEST ——SIM_RX_PLL_input_noise_LDOan ———SIM_R¥_PLL_DRV_input_neise_LDOon

-50

Multiple pnoise (-
-60

Sweeptype M Sweep is currently absolute
=70

Output Frequency Sweep Range (Hz)

sartstop K st Stop  160M 0

Stop At Half Fundamental Frequency _ no _ yes -
s I -0
weep Type =
& Points Per Decade 10 =]
Logarithmic —
g—n « Number of Steps = -100
=
Add Specific Points L 10
Add Points By File L
-120 |A|
Sidebands |' I
Method « default & fullspectrum -130 (
Maximum sideband
. —~ ) -140
Calculates noise contributions up to the frequency determined
by PSS time point resolution
-150

1000 10000 100000 1000000 10000000 100000000

Offset Freq (Hz)

o O 10 100
Noise Type \Sampleditter) n Sample Ratio 8

# Event Trig TrigVal Targ TargVal T

CIkPLL noise signal (Test vs post-simulation): LDO_ON

1 cross DRV OUT-g 0.000e+00 DRV OUT-g

LDO_ON => Good correspondance between test and post-simulation results

MIMOSIS-3 Design Review
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus input clock with additional random jitter
= Noise signal of (R],,,,s = 6.4 ps) is added to the input CLK: LDO OFF

o Phase Noise 0 Phase Noise
——TEST_LDOoff ——SIM_RX_PLL_DRY_input_noise_LDOoff ——SIM_R¥_PLL_input_neoise_LDOoff
50 PLL+RX+DRV_without_noise_ LDO_ON
-20
-60 e PLL+RX+DRV_with_noise_on_input_CLK_ LDO_ON
-70 -40
PLL+RX+DRV_with_noise_LDO_OFF
.80 _-60
£ o 3
& @80
= ©
= -100 ~
@ =
o %100
0 -120
-130
-140
-140
-150 -160
10 100 1000 10000 100000 1000000 10000000 100000000 1E409 1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,E+09
Offset Fraq (Hz) Offset freq (HZ)
CIkPLL noise signal (Test vs post-simulation): LDO_OFF CIkPLL noise signal in post-simulation: LDO_OFF/ON
Pnoise results RX_PLL_DRV
Configuration RJ_rms (ps)/ Test RJ_rms (ps)/ Post-simulation
o Freq > 80KHz => No effect of CLKin LDO_ON 110.7 130
jitter LDO_OFF 7.2 19.5
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus AVDD power supply voltage

* Deterministic jitter => LDO_ON

eye cliplleafValue( VT("/Cout") "Design_Point” 1 } 10u 13u ) (AVDD=1.8) 2 eye_clip{leafValue( VT("/DRV_OUT") "Design_Point" 1} 10u 13u ) (AVDD=1.8) 2
205 M e _clip(leafValue( WT(*/Cout’) "Design _Point” 1) 10u 13u ) (AVDD=18) M <y clip(ieafValuel YT(*/DRY_OUT"} "Design_Point” 1] 10u 13u | (AVDD=1.8)
200.04
1.5
100.0
- 1 A 881.92p5.90010MV AV <
s10 1 E o004
> >
[ dx:41.7642ps dy:24.774uV 5:593.187kV/s [B dx:42.98087ps dy:2.649099uV 5:61.63437kV/s
0.5+ -100.04
0.0 -200.0
r T T T T T T T
0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0
time (ns) time (ns)

Deterministic jitter (DJ) results _LDO ON
A\ IR Frequency (MHz) Transient simulation Test

o Low contribution of CIkPLL jitter on
total deterministic jitter

320 9.61 ps 174.4 ps

. . 320 14.34 ps 152,7 ps

o Increasing the AVDD => increase the 18 | 320 42.98 ps 204,5 ps
deterministic noise 19 | 320 87.87 ps 167'5 ps
R 320 120.1,57 ps 197,7 ps
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PLLjitter issue

m Test vs simulation: CIkPLL jitter performance versus AVDD power supply voltage

* Deterministic jitter => LDO_OFF

eye_clip(leafvalue( VT("/Cout") "Design_Point" 1) 10u 13u ) 1

0
eye_clip(leafvalue( VT("/DRV_OUT") "Design_Point" 1) 10u 13u )

I ey ciptesialunt VTC/DRY, OUT) “Design o
200.04

1.5
100.04

A 879.45ps 900.0mV
1.0 > m
H1
0.0

2.0 Il eye_clip(leafValue( VT(*/Cout”) "Design_Point* 1) 10u 13u )

-

s -
2 2
> E gt
X 7 8 > 2
dx:7.14519ps dy:3.9561uV 5:553.672kV/s [A dx:6.959475ps dy:207.2695nV 5:29.78234kV/s. /
0.5
-100.04
0.0 -200.0
! T Y y 0o 10 20 30
0.0 1.0 e (o 2.0 3.0 : time (ns) : )

Deterministic jitter (DJ) results _LDO ON
AVDD (V) Frequency (MHz) Transient simulation Test

1.8 (LDO_ON) 320 42.98 ps 204,5 ps
1.8 (LDO_OFF) 320 6,95 ps 21,2 ps
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PLL performance

m Corners = f(IVBAN)

:I I V B A N 1 0 A 1DC(*/10A8/M33/D")
u I (oc(*/10n8M33/0") @ header.scs:FAST 1.62 12.0

IDC("/10/18/M33/D") Thu Nov 6 18:01:50

Name modelFiles AVDD 2025

P
(99 ioce-nonemssion) @ header.scs:FAST 1.98)
[ ] IVI i n . 8 5 68 UA@ SS LV LT I ioc(n0n8M33/0%) @ header.scs:FASTSLOW 1.62
° ’ — — B o n0n8M33/07) @ header.scs:FASTSLOW 1.98 11.0
- 1DC(*/10/18/M33/D") @ header.scs:NOM 18 3
e Max: 12,42uA@ FF_HV_LT T ST —_—
- - I ioc(*nonem33/n) @ header.scs:SLOW 1.98 100
I oc(/1018/M33/D") @ header.scs:SLOWFAST 1.62
I 0c(/1018/M33/0%) @ header.scs:SLOWFAST 1.98 9.0
Rt L L L L ) Lo L Wb M S S L L) s s s
-200 -15.0 -100 -50 00 50 100 150 20.0 250 30.0 350 400 450 500 550 600 650 70.0
temperature
IDC("/10/18/M33/D") Fri Nov 7 13:35:20
> I V BA N ( 2 O A) Nare modeiFiles AVDD 2025
u IDC("/10AB/M3II/D")
. -ID(l‘IID/IE.’MS)"D’I @ ader.scs:FAST 162 24.0 e
e Min: 17,11uA@ SS_LV_LT e — e
- - I (oc/10n8m33/07) @& header scs FASTSLOW 1.62
. @ header scs:FASTSLOW 198 22.0
* Max: 24,82uA@ FF_HV_LT : 5 B
@ header scs:SLOW 162 p—— - — ' e
1DC(*/10N8/M33/D") @ header scs: SLOW' 198 20 Y FREE A X AR FAE LY B RS e
I ioc(onam3307) @ header scs:SLOWFAST 1.62
-IDCA‘\IONH.’MJ}"D’I @ ader scs:SLOWFAST 1.98 18.0

I T T T T T T T T T T b pdd T T T T T b i 1
-200 -150 -100 -50 00 50 100 150 20.0 25.0 30.0 350 40.0 450 50.0 55.0 60.0 65.0 70.0
temperature

Corners of determinstic jitter
Configuration DJ_max (ps) DJ_min (ps)
IVBAN =10uA | 28,87@(320,05MHz&SS_HV_LT) | 0,845@(320MHz&FS_LV_LT)
IVBAN =20uA | 9,05@(320,1MHz&SS_HV_HT) | 0,529@(320MHz&FF_LV_HT)

—> Deterministic jitter
* Worst case : 0,92% periode => acceptable
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PLL performance

m Corners = f(ICP)

IDCC/10/18/MO/D7) Wed Nov 5 17:28:50 2025 ..
Name madelFiles AVDD
= ICP (10uA) —
I 10C(*/10718/M0/D") D header.scs:FAST 1.62 12.0
Y IVI i n . 8 5 7 7 u A SS LV LT (9 ioci-nonamoms) @ header.scs:FAST 198 ]
* 4 I ioc(*/10n8/MO/D") @ header.scs:FASTSLOW 1.62
B ioc(*n0nemom) @ header.scs:FASTSLOW 1.98 11.0
P M . 1 2 43 A @ F F H V LT I oc(/1078/M0D") @ headerscsNOM 18 5
a X ¢ ’ u — — I I 10C(/10/18/MO/D") D header.scs:SLOW 1.62 l +
1 ioC(*/10118/MO/D") @ header.scs:SLOW 198 10.0
I ioc(n10nemo") @ header.scs:SLOWFAST 1.62
I ioc(/10n8/M0/D") @ header.scs:SLOWFAST 1.98 9.0
IR Rta et Ly L L L ) L L ) L s L s L s L e s
-200 -150 -100 50 00 50 100 150 20.0 250 30.0 350 400 450 500 550 600 650 70.0
temperature
IDC("/10/18/M0/D") Thu Nov 6 12:16:13
Name madelFiles AVDD 2025
1DC(*/10N18/MO/D")
: I C P 2 0 u A I ioc(/10/18/M0/D") @ header.scs:FAST 162 540
l 1DC(*/10/18/MO/D") @ header.scs:FAST 198 I
. I ioc(*10n8/Mo/") @ h FASTSLOW 1.62
o M . 17 14 A@ SS LV LT B ioc(*onemom) @ i :FASTSLOW 1.98 22.0
I n ‘ ’ u — —_— I ioc(/1018/M0/D") @ h : 18 3
l I ioc(/10/18/MO/D") @ h sLow 162 s ] o + —
* Max: 24,85uA@ FF_HV_LT ocommmo @ e T 2
- - M ioc(*/10n8/mo/D") @ header.scs:SLOWFAST 1.62
B iocin108/M0/0") @ header.scs:SLOWFAST 1.98 18.0

ARt s e b LBy b a L L e L) Loy o n L) e n st L St LAt Lt e
-200 -150 -100 -50 00 50 100 150 200 250 300 350 400 450 50.0 550 600 650 70.0
temperature

Corners of determinstic jitter

—> Deterministic jitter
Configuration

ICP =10uA
ICP =20uA

DJ_max (ps)
59,4@(320,1MHz&SS_HV_HT)
31,16@(320,1MHz&SS_HV_HT)

DJ_min (ps)
1,8@(320MHz&FS_LV_LT)
1,27@(320MHz&FF_HV_HT)

acceptable

e SNV SR I I B S T BE I PE IR F A FERE ey | i W v § VL M S N D YT WY N B | T 4 T T W L W LE VR WV WA A Se—
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PLL performance

m Power rejection ratio (PSRR) of PLL

— Immunity to noise sources: VDD sensitivity

PSRR of PLL_V3 in function to ICP

PSRR of PLL_V3 in function to IVBAN (LDO)

IVBAN = 2.5uA
IVBAN = 10uA

IVBAN = 20uA

o\

60 60
ICP = 5uA
50 ICP = 10uA 50
ICP = 20uA
40 40
= o
©
30 >0
> <
> >
20 20
0 0
1E+00  1E+01  1E+02  1E+03  1E+04  1E+05  1E+06  1E+07  1E+08  1E+09 1E+00
Freq (Hz)

— Low PSRR: (< 100KHz)
— PSRR,,,: (IMHz,2MHz, 3MHz)
— ~ same PSRR: (> 20MHz) for all ICP

1E+01 1E+02 1E+03 1E+04 1E+05

Freq (Hz)

1E+06 1E+07 1E+08 1E+09

— Low PSRR: (< 100KHz)
— PSRR.: (1MHZ)
— (> 20MHz): Better PSRR @(lypan= 2,5uA)
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Jitter-issue(Definitions)

s Random jitter => PSS/Pnoise (VDD source ripple is turned off) => ADE Direct Plot
0 Produced by non-precise repeatable perturbations of the system

o Practically estimated to be random Gaussian distribution=> fully characterized using its Root-Mean-Squared
value (RMS) or the standard deviation value (o).

o Peak-to-Peak value of RJ (R/p-p) : calculated under certain observation conditions => Bit Error Rate (BER)
targeted by the system under test => R/p-p(t)(BER)2 Kx RJRMS(t)

m Deterministic jitter => Transient analysis (insert a supply ripple into tb) => Max time — min time at specific

crossing point of eye diagram BER Crest factor (K)

0 Produced by repeatable perturbations of the system caused by mj 6.18
10 7.438

the power supply ripple at discrete frequencies. 105 353

o Typically, the simulation of DJ is performed by adding a 13:? ?65229

sinusoidal perturbation to the supply voltage and running 10°¢° 11224

)

large-signal transient analysis. DJ/p-p (the peak-to-peak 13_1{] 1;'332

amplitude of DJ) can then be obtained by measuring the 1011 13.412
1012 14.069

opening of the eye diagram. 103 14 698

m Total jitter => net effect of the random jitter and the deterministic ji Table 1: BER and the corresponding RMS multiplier
=>T/p-p= DJp-p+ R/p-p(BER)
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Jitter-issue(Definitions)

m Pnoise vs transient noise:

o Transient noise => time-domain-based method => computes the PSD (Power Spectral Density) of

noise by averaging the spectra obtained from consecutive partly overlapped time windows from time
0 to simulation Tstop.

o Pnoise => frequency-domain-based method

Name |Vis |relative,_to “

[

Tl 1400

i PN plot fro...rannoise RJ @ 100.0u
.. M Edge Phase Noise + 3dB @ 100.0u | -150.0
-160.0
-170.0

-180.0

phase (dBc/Hz)

._.
0
o
(=]

-200.0

-210.0

IIII T T lllllll T T llllll' T T Il|lll|
104 10° 10° 107

freq (Hz)
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