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Clock Jitter Effect for Testing
Data Converters
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Noise Sources of Testing Converter

Calculation of SNR with Clock Jitter
* Minimum Clock Jitter for Testing N bit Data Converter
« Table for Clock jitter, input signal and ENOB

Simulation of Clock Jitter Effect using 14 Bit DAC
and Input Signal Model.

Real SNR Testing for 14 Bit DAC by Adding Clock
Jitter
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Model & Parameters to Data Converter
Measure

Quantizer
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Sources of Noise for Testing Data

Converter

* Non-linearity of Data Converter
* Reference Pin Noise

* Input Signal Jitter, Distortion and
Noise

* Clock Jitter

- Data Jitter

- Data Signal Power Feedback

* Clock Signal Power Feedback

« Power and Ground Noise

« Separated Ground Plane Loop
Noise Pick-up

* AC Power 60Hz/50Hz Noise

« DC-DC Converter Switching
Noise

« Thermal Noise

Vin@ Digital <«
A

/\‘.‘ Py

DC-DC Converter
Radiation

AC Power | Digital Power
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Jitter Effect iIn Time Domain
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SNR of Data Converter with Clock

Jitter Component

] 2 SNR ideal/20 2
SNR =10 log [ (2*PI*Fi*Tj) + (10 ) ]

SNR ideal = -(6.02 * N + 1.76) dB
N : Data Converter Bit size
Fi : Conversion Frequency

T) : RMS Jitter of Conversion Clock
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Minimum Clock Jitter for Testing

N-bit Data Converter

SNR ideal/20

Tj = 10 | (2*PI*Fi)

SNR ideal =-(6.02 * N + 1.76) dB

N : Data Converter Bit size

Fi : Conversion Frequency

Tj : RMS Jitter of Conversion Clock
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Theoretical Jitter to ENOB Table

RMS3S Jitter
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SNR of 14 bit Data Converter

SNR of Ideal 14 bit data converter is 86.04 dB

Sweep Random Clock Jitter Tj from O to 255ps by 1.0ps
step

Calculate SNR for 100KHz, 500KHz, 2 MHz and 10MHz
Signal

SNR = 10 log [ (2*PI*Fi*Tj) (10 >~ “"*%) ]
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14 bit
SNR 86.04dB
with O Clock jitte

2007. 6. 29.

SNR Calculation Data by Clock

Jitter

Ll wave Display dir: sw'kojsScstmssim_cTock

waveform trace d4: 7| 10M_ddeal_jitter_test,wau

File © 1 Wiew 73 sample freq: - |e+i12 Hz

voaxis T 1 Foam T ) Exp T ) DATA: —265.00 to —-35. 31 DISFLAY: —36.00

RS

Y, 1 PP U AU P SO S
N S S . T
—c0 R S SO SO
-5 U o U S S S
—ED e T T
—E5 P U SO SO
P e T e

E0p S0p 100p 1Z0p  140p  1Edp  1S0p  200p 220p 2EEp
Time ([seconds)

Trace Manager

mMaster Current Waveform Trace Data Range Display Eange

1 1 #1: 0.1M _ddeal_jitter j=| -85, 00 toa —75. 50 —86, 00 to —35.91
1 1 #2: 0.5M_ddeal_jitter || -86.00 ta —61.91 —86, 00 to —35.91
1 1 #3: 2M_ddeal_jitter_t [=| -85.00 to —49.83 —86, 00 to —35.91
il il id: A0M_ddeal_jitter_ | -25,00 to —32E5, 94 —2E, 00 to —-3E5, 91
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Simulation Model of the Jitter
Effect

« Create ldeal N-bit Sine Wave Signal Function
« Add RMS Jitter Noise Tj to Sampling Clock Fs

F(t) = sin [2*PI*Fi*(t+Tj)/Fs]

« Calculate SNR for Fi 2Mhz Signal for 0-100psrms
Clock Jitter

fol
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2007. 6. 29.

Simulation Result

J_'ﬂ Text Editor ¥3.5.1 - jitter_ideal_aW_sNE.txt, dir; Aw'kejsfcstn/sin_clock |
File v ) Niew v ) Edit 7] Find 7 =

—

all# Seg_size DIESRC_Freq DIBSRC_Clack Clack_Jitter
N = 16354 Fi = 2,005005 MHz Fs = 90,00000 MHZz Tj = 0,00 psrms

v

7] SHE = 26,1139 dE ENOE =14, M3 bits
SFOR = 110,767 dE F_spur = 2108E, 284 kHz
H_2nd=-156, 535 dBC H_3rd =-113. 443 dBC THD = -117.144 (B
ceg_size DIESRC_Freq DIESRC_CTlock Clock_Titter
N = 153584 Fi = 2,005005 MHZ Fs = 80, 00000 MHZ Tj = 10,00 psrms
SHR = 77,320 dB ENCE = 12,551 hits
SFOR = 106,312 dB F_Spur = 41605, 225 kHz
H_2nd=-113,155 dEC H_zrd =-113, 335 dEC THD = —108, 453 dE
Seqg_size DIESRC_Freq DIESRC_Clack Clock_Jitter
N = 16334 Fi = 2.005005% MHZ F5 = 90, 00000 MHZ T] = 20,00 psrms
SHE = 71,760 dE ENOE = 11,628 hits
SFOR = 101,163 dE F_spur = 1872, 882 kHz
H_znd=-114, 022 dEC H_Zrd =-112.281 dEBC THD = —103, 477 dE
ceg_size DIESRC_Freq DIESRC_CTlock Clock_Titter
N = 16384 Fi = 2, 008005 MHZ Fs = 80, 00000 MHZ T = 100,00 psrms
SHR = 57,931 dB EMOE = 9,321 bits
SFOR = 27,073 dB F_Spur = B427,002 kHz
H_2nd=-30, 337 dEBcC H_zrd =-83, 723 dBC THD = -26, 935 dE

—
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Power Spectrum View of the 14-Dit

Converter Simulation Model

Wavre DIisplay dir: Suw/kojsscstmssim_Cc Tock B

i

wWawefor-m trace dkd:

| ddeal_100ps_jitter_ZM_sp. wau

File = 1 View = 0 Sample Ffrag: S0 siFze: 15354 Fero dE: 1. 501
Toaxis T Zoam T ) Exp T 1 DATA: 1035, to 1.30le+1& DISFLAY: —140. 0dE
L= RO PUUPPPRRRR T O hel

—=0dE

—s0dEe

—rFodEe

—g0dEe

—110dE

—1=0dE
—140dE

=M 10M 1EM =0 =EM

Frequency C[H=)

Z0M

=EM

a0 I4EM

Saome data are aoffscale fabouve or below vY—a=is Timitsi

it

Mastear Current

TracCce Moandger

wWawaform THaca Data Range Display Range

-l 1 MH1: ddeal_ops_jitter_ -| O.00428% to 41.201e+16 *—140. 0dE to O. 000dE
] ] H#2: ddeal_dops_jitter =| S5.32ZE39 to 41.S801e+16 *—q40.0dE to O.000dE
1 1 #2: ddeal zops_jitter | 25.14 to 1.201e+1E *—140.0dE to O, 000dE
1 il Hd: Gdeal_10ops_jitte | 10ZE. to 4.S01e+1E *—q40. 0dE to O.000dE
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SNR Data Overlap of the

Calculation and Simulation data

LI Wawve Display dir: Su kojsScstmsSsim_c lock b
waveform trace dk3: | ditter_cal_10M. wau

File = 1 Wiew T sampla Frog:

woaxis T Zoam T 3 Exp T | D@&TA: —S5,00 ta —35, 91 DISFLAY: —S55.00

[m] =0 g0 &0 S0 100 120 140 150 150 =00 =20 =40 =255

, Some data are offscale [abowe or below Y—axis Timitsl

0 Trace Hanager
Hastaer Current Waveform Trace Data Range Display EREange
|_ |_ 4k1 = j'itter‘_S'im_ME.wal.!@_ —=2E.1=2 to —E1. 22 —=2E. 00 to —32E, 91
= = dk2: Jjitter_cal_HME. wau —=2E. 00 to —51.31 —2&. 00 to —25. 31
ﬂ ﬂ kF: Jjitter_cal_10M, waw —=E. 00 to —3=E, 391 —2E. 00 to —3E, 391
= = b3z Jjitter_sim_10M, waw —=2E.1=2 to —325, 20 —28E5. 00 to —32E, 91
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2007. 6. 29. 14 X 83 HAE st= O



SNR Data Difference Between The

Calculation and Simulation Data

'r| wWawe Display dir: SuwskojssecstmsSsim_c Tock L
Wawefor-m Trace 4F1: ] MA_Jitte_sim_cal_diff. waw
File = 1 Wiew T 0 sample Frog:
w—axis % 3 Zaom T 3 Exp % 1} DATA: —-0.1477 to 0O.5533 DISFLAY: —0. Z=200,
N .
.55%: S S SN S — B

S 00m
Z00m

AN

=00
-1 00

|
]
Q
u]
F
GO
S
(-
X
-
N

Samples

, Some data are offscale faboaowe or below vY—axis Timits) Cursor mode: Y—axis magniftwe; I

o Trac e Hansger

mMaster Current wWaveFform Trace Data Eange Display Fange
b il b il #1: M1_jitte_sim cal_ | —-0.1477 to O, 5S553 *—0, 3200 to O, 5533
1 1 2z ME_jitte_sim_cal__ [“I —0, 2221 to 0O, 23 -0, 2200 to O, 5E5=2=
| | A#F: ZM_Jjitte_sim_cal_ | —0.3176 to O, 3=93 =—0. 2200 ta O, 5553
| 1 1#d: APOM_jitte_sim_cal p-| —0O,3Z04 to O, 4545 *—0, Z=00 to O, EE2=

fol
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FI 10Mhz , Clock Jitter 20psrms

Power Spectrum of 14 bit ADC

- SNR [53.2dB|/ 15MHz BW 1
-/ (SNR[ 48.5d8B / 45MHz BW),

—-100

ot
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—10

—-20

—-30

FI 10Mhz , Clock Jitter 255psrms

Power Spectrum of 14 bit ADC

Markes= RBW 1 kH= RF Attt 30 dB
® Re f vl VB 1 kH=
O dBm ST 137 s Um it daBm
B
SNR402dB-/-15MHzBW )
(SNR_35(5dB [ 45MHz BW)

—40

-50

—-B80

—-70

—-80

-390

— 100

Da te:

Decrease SNR

Start 500 kH=
13.0CT.2000
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FI 2Mhz , Clock Jitter 20psrms &

255psrms for 14 bit ADC

R B4 1 < = R = ~ t t =0 = =
vV E 1 =H=
sS4 T =7 = Uit = 1=Tagd
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— =40 T— - v‘-vv.‘v - -

=]
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— 70O

—eo I

—oo I L

—1oolk I | I
= = t sooo =< HH= R M= — st o 1= M=
: . . : =
o ay 1E T - =2R309 S L5543 RS 1 <= RFE &t t =0 o=
R e - ~ Vv E L 1 < H =
o oBm ST =27 = U1t e

S t=r ot
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FI=5bMhz , Clock Jitter 20psrms &
255psrms for 14 bit ADC
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Signal Filtering Effect by BPF

7] L — _
Waveform trace #1: |l power_forrest_1300Mfs_Z30MFi_Cw_extclk_BPF_TUGCO33103 way

. (File ) (Miew sample freq: 1.500GHz  size: 32768  Zero dB: 6988213
FS:l-SGsz f|:250M HZ D &) ) paTa: 04302 to 5.9585e+13 DISPLAY: —120.0d8,

100.00%

Ext Clk, CW Src OB o R e o 10000
QY » 1"'2!(}E3m' .........................................

. —10dB ---------------------------------
BPF makes the difference 208 |-
_30dB ...........
—40dB |-
-50dB |-
—EOdB ........................................
rjj G;;;T;;;E;-E;? _?OdB ........................................

—B0AE L™ e L
Waveform trace #1: | power_forrest_1500M
-30d

(File ) (Wiew Sample freq: )
D K G vata: 0979 ‘j’jgdg

0 SOM 100M  150M 0 Z00M O 250M 0 300M 3S0M 400M 4

to 0.000dBE

SO0OM  330M BOOM  B50M FOOM  FS0M

ode ]
1R B e i} Frequency (Hz}
—20dE e |§-1 Some data are offscale (above or below Y-axis limits) \

—304dE
—A0dE e e
—sode f--21LNA = &L B )
B =Toln =1 IESTEUURIN SUUUUURIIT FOUIRUPIIITU FEVIVRUIUPUITITE INPTRTRRIOOSY I SRR
—70dE

—20dEL
—E!Od
—100dB
-110dB -
—-120dB i

8]

EOOM ESOM ?OOM FS0M

SoM  100M 150M 200M 250M 300M 350M 400M 450M S00M  SS0M
Frequency (Hz)

M 8=l HAE sh= o=

Some data are offscale (above or below Y—axis limits)
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Fi = 250Mhz, Fs=800Mhz : Clock

Jitter Performance Test

i o -  — — - [
FSZSOOMHZ, f|:250MHZ’ BPF used Waveform trace #1: = | —data_array power_spec
File =1 Wiew = sample freq: 200M, size: 32768  Zero dB: 7.015e+13
Either Pico Clock or ext clock can be used ¥—asis © ] Zoom T Exp v ) DATA: 1587 to 7.003e+13 DISPLAY: —120.0d8  to 0.000dB
- - - 100,00%
Avoid HSD Clock due to high jitter 0d8 ¥ 7
-10dB
Bump around 250M is due to BPF -QOSE
-30dB
ok - lacl. . 1
el CIOCK Mou
-60dB |
onn i #_/ F—
o ' — N — _ b L L Lkl L Lo D
waveform trace #1: [ power_forrest_SooMfs_2S0Mfi_Cw_extclk _BEPF_TUCO33103.way
(File 0 CWiew sample freq: B00M size: 32768 Zero dB: £.331e13
D &) ) pata: 04265 to5.9316+13 DISPLAY: —120.0d5,  to 0.000dB
ode T feeor Bt 120M 22:0M : 2E0M SO:OM : 34:0M ' 40:0M
—10dE Frequency (Hz) L
-20dE
_3038 size: 32768 er;I-JE':Q.ooo=_55'45dB
—40dE
—s0dB PISILSEDR =56 80UB
—-E0dE 100,00% -
—_70dB SINAD = 45.45d
-8odB | { " f - .
T ENOB ="7.250
—100dB
—110dB IR Jibl .. LT A |
—120d8 : : : : : : ! ! ' ' [ : | | |
0 BOM 100M 140M 180M 220M 260M 300M 340M 400M |
Frequency (Hz) |
| Some data are offscale (above or below Y-—axis limits) - Loy
-gode
-100dE
* I k- H -110dE
Ext. Clock: Marconi 2026 e
0 S50M 100M 150M 200M 250M F00M IS0M 400M 450M  490M
Frequency (Hz)
2007_ 6_ 29_ | Some data are offscale (above or below Y—axis limits)




Reduce Jitter Effect

° gick a Low Jitter Clock _1-5 ﬁ\ //W\\ T
ource (Pico-Clk, HP8644B) T I, 7/ i
- Use the Instrument in “Low 3 20 \\ / \ . f( \ﬂ\/ '
Jitter Condition”- DIB Design 25 N i
- Use Narrow BPF if Device = N

Accept Sinewave as Clock
* Use Jitter Reduction Module

2007. 6. 29. 22 M 83 HAE st= 3



Q&A?

F

>
|m
|Ok
>
I
ol

2007. 6. 29
23
A 8 =l H|



	Clock Jitter Effect for Testing Data Converters
	Contents
	Model & Parameters to Data Converter Measure
	Sources of Noise for Testing Data Converter
	Jitter Effect in Time Domain
	SNR of Data Converter with Clock Jitter Component
	Minimum Clock Jitter for Testing  N-bit Data Converter
	Theoretical Jitter to ENOB Table 
	SNR of 14 bit Data Converter
	SNR Calculation Data by Clock Jitter
	Simulation Model of the Jitter Effect
	Simulation Result
	Power Spectrum View of the 14-bit Converter Simulation Model
	SNR Data Overlap of the Calculation and Simulation data
	SNR Data Difference Between The Calculation and Simulation Data
	Fi 10Mhz , Clock Jitter 20psrms Power Spectrum of 14 bit ADC 
	Fi 10Mhz , Clock Jitter 255psrms Power Spectrum of 14 bit ADC 
	Fi 2Mhz , Clock Jitter 20psrms & 255psrms for 14 bit ADC 
	Fi=5Mhz , Clock Jitter 20psrms & 255psrms for 14 bit ADC 
	Signal Filtering Effect by BPF
	Fi = 250Mhz, Fs=800Mhz : Clock Jitter Performance Test
	Reduce Jitter Effect

