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Table 1: Cross Reference of Applicable Products

Manufacturer . .
Product Name Part Number SMD Number Device Type Internal Pic Number

RadClock™ Multi-phase UT7R995 5962-05214 01-04 wWD27
PLL Clock Buffer UT7R995C WD35
Note:

e *PIC = Product Identification Code

1.0 Overview

This Application Note (AN) documents a known RadClock™ condition when using the internal output dividers for Bank 3 (/K)
and Bank 4 (/M), depending on the connection to the phase-locked loop (PLL) feedback (FB) input pin. It has been
empirically determined and verified by simulations that using the Bank 3 (/K) and Bank 4 (/M) output dividers with divide
ratios other than /1 (i.e. /2 or /4) can result in uncertainty of phasing at PLL power-up/start-up with-respect-to the input
reference clock, XTAL1 for these two RadClock™ clock output banks.

2.0 Technical Background

The UT7R995/C RadClock™ 2.5V/3.3V 200 MHz High-Speed Multi-Phase PLL Clock Buffer is a low-voltage, low-power, eight-
output, 6-200 MHz clock driver with output clock frequency and phase programmability. The core power supply is 3.3V.
The outputs can be operated on either 2.5V or 3.3V power supplies, where output banks 1-4 can be operated using either
2.5V or 3.3V independently of one another. There are several dividers utilized in the RadClock™ IC to provide the user with
a high level of flexibility in selecting multiple output clock frequencies.

The Bank 3, 4 output dividers (/K, /M, respectively), phasing issue originates with a potential indeterminate startup state
(i.e. logic 0 or logic 1) of these dividers. The internal RadClock™ PLL output is buffered and directly drives the Bank 1, 2
outputs (1Q0,1, 2Q0,1). There are no output dividers at either the Bank 1, 2 outputs, and the Bank 1, 2 outputs always start
in phase with the reference clock presented at the XTAL1 input, as set by the PLL control loop.

The measured data shown in section 4.0, below, demonstrates the behaviors of the Bank 3, 4 output clocks for some
example configurations, where FB=2Q1, 3Q1, or 4Q1. This is not a complete set of all RadClock™ divider configurations, but
rather a selection of representative examples showing both determinate and indeterminate Bank 3, 4 output clock phase,
depending on the FB pin connection and settings.
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3.0 UT7R995 & UT7R995C RadClock™ Block Diagram

The UT7R995 & UT7R995C RadClock™ Block Diagram is provided here as a reference for the different RadClock™ internal
divider configurations. Note output dividers /K, /M for output Banks 3, 4, respectively. Please see Figure A. The RadClock™
Frequency & Skew Calculator tool is available to assist in the configuration of the RadClock™ clock frequency and phase
settings. Please contact Frontgrade Applications Engineering Support for calculator tool download information.
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Figure A: UT7R995/C RadClock™ Block Diagram

Note:

e Please refer to the UT7R995/C RadClock™ Datasheet (DS) via the Frontgrade product link provided here:

e https://frontgrade.com/sites/default/files/documents/Datasheet-UT7R995.pdf

e RadClock™ 2.5V/3.3V 200MHz High-Speed Multi-phase PLL Clock

e UT7R995 & UT7R995C

e p.3, Figure?2

e Frontgrade UT7R995/C RadClock™ downloads and Applications Engineering Support links, respectively, are provided here:
e https://frontgrade.com/product/ut7r995#downloads

e https://frontgrade.com/product/ut7r995#support
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4.0 Measured Data - RadClock™ Settings + Output Clock Waveforms

This section contains nominal UT7R995 RadClock™ lab measurement results using a limited range of input and output clock
frequencies. The RadClock™ Frequency & Skew Calculator tool was employed to assist in configuring the RadClock™. The
test equipment setup included: a precision DC power supply, frequency generator, digital oscilloscope (0’scope), and the
UT7R995 RadClock™ Evaluation Board. See Appendix A - Test Equipment Setup for additional details.

The rising edge of either the input reference clock (XTAL1), or undivided PLL output 1Q0 are used to trigger the o’scope for
all measurements. This means that all output waveform timing waveforms are with-respect-to one of these two reference
clocks. Note that Bank 1, 2 output clock signals 1Q0,1, 2Q0,1 are always in phase with-respect-to the PLL input reference
clock, and that there are no output dividers on these two banks. The reference clock is provided by the external frequency
generator clock input, which is connected to the RadClock™ XTAL1 input pin and to the AUX (EXT) o’scope input. This is
indicated on the lower right area in each of the o’scope plots. The o’scope input channels 1-4 are connected to RadClock™
Bank 1-4 clock outputs, 1Q0-4QQ0, respectively. The RadClock™ feedback (FB) input pin is connected to Bank 2-4 clock
outputs 2Q1, 3Q1, or 4Q1 as indicated in the parameter tables for each measurement in this section (4.0), and in summary
Table 2 in section 4.1.
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST DS[1:0] £s PE/HD DIV/ 3F[1:0] 4F[1:0] B XTAL1 1Q 2Q 3Q 4Q 3Q[1:0] | 4Q[1:0]
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H LL LL
1A H M 2Q1 60 120 120 60 60 Y Y
(/N=2) (/R=1) | (/K=2) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utilities Help Bution Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
Tok Fasth ‘m‘ = i |‘§'.p‘!1 IVWT Tok FastAcq H‘ * o 5 ) — "‘ﬁ, 21 Iw
Curst Fos |
37
...
C1|Ampl 292V p: 29208825 |C1| Ampl 2892V 29142355
§cr v @ IC1IFreq 120.0M . 119 99279M i1 3.7ns 5 Orisidiv B 1ov u HC1|Freg 119.90M...1: 124.10805M fcy tt: 3.7ns 5.0ns/div
§c2 1ov @ §C2 Freq 120.0M...11: 119 .96569M 2 12 8ns 10.0GS/s ET 100ps/pt §c2i 10v 0 §C2|Freq 120.0M...0! 121.31271M 2: 12 9ns 10.0GS/s ET 100pa/pt
C3 10v 0 C2| Freq 50.96M... 1 56.89604M At: 18 .6ns WAux| s 1.0V cal 10v @ lca]rmq 60.0M... u: B0.9C7171M at: 16.6ns Waux| 1.0V
C4 10V 0 C4| Freq 60.0M.. p: 56.995216M 1At: 60 .24MHz C4l 10V 0 C4| Freg 5999 70.196232M 1at: 60 .24MHz
Figure 1a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
B8l UT7R995 Frequency & Skew Calculator — [m) *
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FEEEED Bank 1 Output
1F | Zero Skew | phase select 120 MHz
skew 0 ps
2F |Zer Skew v | Skew=0 D';":jm 120 MHz I
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Figure 1b: RadCIockTNI Frequency & Skew Calculator — Settings
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DSILO] | o | o DIV/ 3F[1:0] | 4F[10] | o XTALL 1Q 2Q 3Q 40 | 3q[1:0] | 4Q[1:0]
# (/N) R) (/K) (/M) (Ref.Clk) | [1:0] | [1:0] | [2:0] | [1:0] | (FLIP?) | (FLIP?)
LL H LL LL
2A M M 2Q1 40 80 80 40 40 Y Y
(/N=2) (/R=1) | (/K=2) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Liillies Help Buiton Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Liillies Help Buiton
oK FasiAcq Sample : g TESep 21 170001 TR FastAcq Sample : g T Sep 21 170740
Curst Fos. 1 Curst Fos. 1
-32508 -32508
...
C1| Amp! aov 28594385 C1]| Amp! aov B 2.9826868
C1|Pk-Pr 36V 35187054 98 : - » _ ] Cilpkpre 364V i 36287154 L3 : iy —
Hc wov o0 HC1|Freq B0.03M.. 1 120.4249410 Hcsy) 11 32 Sns 5.0ns/div Hc wov o0 HC1|Freq : 8280639201 Hcy) 11 32 Sns 5.0ns/div
§c2i 10v 0 §C2|Freq BO.OM... u: 101.37539M 2: -7.508 10.0GS/s ET 100ps/pt §c2i 10v 0 §C2|Freq .1 B2.680724M ©: -7.5n8 10.0GS/s ET 100ps/pt
cal 10V 0 C3| Freq 40.0M... u: 124.37377M At: 25 .0ns WAL £ 750mV ca 10V 0 C3| Freq u: 45587634M At: 25.0ns WAL £ 750mV
C4l 10V 0 lOﬁIqu A0.0M... u: 57.551802M 1/at: 40 OMHz C4l 1OV 0 lOﬁIqu ! 42.499682M 1/at: 40 OMHz
Figure 2a: O’scope waveforms: RadClock™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BB UT7R995 Frequency & Skew Calculator - ] ®
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Figure 2b: RadClock™ Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DS[LO] | o | oo HD DIV/ 3F[L0] | 4F[L0] | o XTALL 1Q 2Q 3Q 4Q | 3Q[1:0] | 4Q[1:0]
# (/N) UR) (/K) (/M) (Ref.Clk) | [1:0] | [1:0] | [1:0] | [1:0] | (FLIP?) | (FLIP?)
LL H MM LL
3A M M 3Q1 40 80 80 80 40 N Y
(/N=2) (/R=1) | (/K=1) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
FastAcq Sample == ] — ‘ = T Sep 21 161700 Wk FasAcq Sample = TR
T Curst Fos. 1 Curst Fos. 1
TRs TRs
-..
C1| Ampl 304V u: 3015732 C1|Ampl 304V u: 3.0218357
C1|Pk-Pkr 368V u 36803880 C1|Pk-Pke 372V W 36775611 98 : S
Nc: wov 0 HC1|Freq TH.98M. p: 7998454511 | [SIN) 7 6ns 5.0ns/div Hc wov o0 HC1|Freq T9.98M.. p: 799564060 | [SIN) 7 6ns 5.0ns/div
Hcz 10v. 0 §C2|Freq TO.98M...u: 79.979694M 2: 17 4ns 10.0GS/s ET 100ps/pt ic2 10v. 0 §C2|Freq TO.RBM.. . TO.857322M 2: 17 4ns 10.0GS/s ET 100ps/pt
C3al 10v 0 |C3| Freq 79.96M...u; 79.9732M at; 25.0ns WALx| £ 750mV cCal 10V 0 C3| Freq 79.98M...u: 79.972473M at; 25.0ns WALx| £ 750mV
C4l 1OV 0 Ca| Freq A0.0M... 1 40.001074M 1/at: 40 OMHz C4l 10V 0 Ca| Freq A0.0M... 1 40.000083M 1/at: 40 OMHz
Figure 3a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BBl UT7R935 Frequency & Skew Calculator - O *
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Bet ey DSt 0”?[ [w *Ft;edba[:kSuume
o vz Bank 1
“ Reference Divider PLL frequency J @ Bank2
FODV) Friom € Bank3
1 - — 80 Mhz  Bank 4
il 1Bk Ot
1F | Zero Skew vI
Pz ko ?
2F | Zero Skew vI —
View Schematic | 2
O St 3 Bk 2 Ot
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4 [Divide by 2 v e f;"‘::;spks"
Skew in tu
£ ] -4 3 4 -1 o 1 2 3 4 h [
Bank 1
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4828 -390 3125 -I344 1382 -781 o ™ 1362 2344 2 3906 4EEE
Skew Relative to FB Clock (ps)
Figure 3b: RadClock'™ Frequency & Skew Calculator - Settings
4350 Centennial Blvd., Colorado Springs, CO 080907 e frontgrade.com e sales@frontgrade.com Page 7 of 31


mailto:frontgrade.com
mailto:sales@frontgrade.com

rRONTGRADCL

APPLICATION NOTE

UT7R995/C RadClock™

Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ settings Clock Frequency (MHz) Results
TEST | DSIL0] [ o | pe Pg:‘/ 3¥[10] | 4F[10] | o | XTAU 1@ | 2a | 3a | aa | 3quo | sqmo)
# UN) UR) (/x) (/M) (Ref.clk) | [1:00 | [1:0] | [10] | [2:0] | (FLP?) | (FLIP?)
LL H MM LL
4A (/N=2) H M (/R=1) (/K=1) (/M=2) 3Q1 80 160 160 160 80 N Y
Notes:

1. Trigger = AUX (XTAL1)

Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
Tok FastAcq Sample 15 Sep 21 11:11:20

Curst Fos
508
Cursz Fos 1
111508

”

. o B v 1 T

|C1|Ampl 304V 3.0406257

C1|Pk-Px" 364V i 3.6790758
Hc wov o0 #C1|Freq 160 4M.. i 180.51804M | [SIN) 1 35ns 2 5ns/div fic:| rov
§c2i 1ov 0 HC2|Freq 160.4M... 2 160414111 ©2: 11.15n8 20.0GS/s ET 50.0pa/pt §C2i 10V
cal 10v Ca| Freq 160.7M...4x: 160.53582M at: 12 5ns WAL S 750mV cal 10V
c4l 1oV 0 Ca| Freq BO.OM... u: B0.021241M Vat: B0 OMHz csl 10V

Fle Edit Vet HoiAcq Trg Dispay Cursor Meas Mask Meth App MyScope (Uiiities Hep Buiton

C1| Ampl 04V @ I0DL31008
C1 | PP 372v  u: 3sTeSON

H§C1|Freq 155,60 p: 1818107108
HC2|Freq 160.0M. _p: 161.0216900
C3| Freq 10020 . 164756540
Ca| Froq BODIM _p: 8206063510

Figure 4a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

BB UT7RO95 Frequency & Skew Calculator

[m] X

View Schematic | 7

?

File Help
Feedback Input Divider Freguency Select
'""“‘gﬁ;‘e""y D02 vI H —Feedback Source
— T :‘ 2 ((: Bank 1
Reference Divider PLL frequency e
Gl R from & Bank3
1. = 160 Mhz € Bank4
Phase Skew
actor 1 221 Outout
Skew=0[ Bank 1 I
17 [Zero Skew ~] phase select 160 MHz
skew D ps
Phase Sk
e 5 Borie2 Output
Skew =0 Bank 2
2F |Zero Skew | e 160 MHz —_—
skew 0 ps
Output Divider &
Skew Selector 2 Bank 3 Output
Skew=0| gank3
3F | Zero Skew x| phase select 160 MHz
K=1 skew 0 ps
Dutput Divider &
Skew Selector e
4F |Divideby 2 | Skew=0 Dh‘iﬂ;:;m 80 MHz.
M=2 l—l skew D ps
Skew in tu
£ 4 4 -1 0 1
Bank 1
Bank 2
Bank 3
Bank 4
4688 3908 3125 234 182 181 0 78 162 24 35

Skew Relative to FB Clock (ps)

3905 4588

Figure 4b: RadClock'™ Frequency & Skew Calculator - Settings
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PD*
TEST | DS[1:0] Fs PE/HD DIV/ 3F[1:0] | 4F[1:0] rB XTAL1 1Q 2Q 3Q 4Q 3Q[1:0] | 4Q[1:0]
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H LL LL
5A H M 3Q1 40 160 160 80 80 N N
(/N=2) (/R=1) | (/K=2) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
WK Fasthes S = — B
A |
Ci|Ampl 304V 30466696
C1| PK-PK” 364V 36721847
Nc: wov 0 HC1|Freq 160 2M.. p: 180.33476M | [SIN) 7 Sns 25nr.»‘dny
icz 10v 0 §C2|Freq 160.2M..p: 160.26897M = 5.0ns ZOBGSIS_ETSOCM“W
C3l 10V 0 |C3| Freq 80.03M...u: 80.191694M at; 12 5ns WALx| £ 750mV
C4l 10V 0 Ca| Freg B0.05M..u: BD.15206M 1/at:  BO OMHz
Figure 5a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BEl UT7R995 Frequency & Skew Calculator — [m] x
File Help
Feedback Input Divider  Frequency Select
Inpm;rrﬁl:enﬁv Ds{t mm H —Feedback Source
€ Bank 1
T N=|2
Reference Divider PLLfrfequem:y ® Byl
= o & Bank 3
\—m 23 160 Mhz " Bank 4
FEme s 1k 1 Ot
1F [Zero Skew _~ | — Dh;':;g;.,d ru;‘omgz
::I:: skew Ops
Ph;lzﬁét:w ot ZQBankZOulpul ?
27 [e0 Skew =] Dh:“e"’;jm 1i{) M;{z I o soremaic | »
skew Ops iew c | 2
O e s 5ok Out
ew=0] pank3
3r|Bvideby2 = | Ko | Phase select e pe & Fine Skew
S Seer 4 Bk Outt . ::m;:
N ew = Bank 4 rse Skew
4F |Divide by 2 = | = phak ot ;u'i;nuH{)zps wo781ps
Skew in tu
€ 5 4 3 2 1 0 1 2 2 4 5 &
Bank 1
Bank 2
Bank 3
Bank 4
4588 -390 3125 -2244 1382 -781 o Kl 1582 2244 25 3906 4588
Skew Relative to FB Clock (ps)
Figure 5b: RadClock'™ Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe P;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 20 | 3a | s | 3qm0 | 4q1:0]
# (/N) UR) (/K) /M) (Ref.Clk) | [1:0] | [0 | (0] | [1:0] | (FUP?) | (FLP?)
LL H MM MM
6A M M 3Q1 40 80 80 80 80 N N
(IN=2) (R=1) | (k=1) | ym=1) | @
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liilies Help Buiton
WX Fastics Swvpie TS 7 T

' 1 e

Curst Fos |
508

|C1| Ampl aov [ 3.0040067
C1[PR-Pkr 364V p: 36540006
ici 1ov 0 HC1|Freg 79.95M.. 1 80.115798M HCy| 11 32 Sns 5 0nsidiv
§c2i 10v 0 §C2|Freq 79.87M...41 BD.0S0437M 2: -7.508 10.0GS/s ET 100pa/pt
ca| 10v 0 C3| Freq 78.96M...4: B0.08858M at; 25.0ns WAL £ 750mV
c4l 1oV 0 Ca| Froq 79.97M...i: BD.0GSEATM Vat: 40 ONHz

Figure 6a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

B8 UT7R995 Frequency & Skew Calculator - u] X

File Help

Feedback Input Divider

Frequency Select

O oSz M (~Feedback Source
" Bank 1
: T  Bank2
Reference Divider PLL fffequency nl
POOM) o p—
T - Eotinz " Bank4

Phase Skew
Selector . Bank 1 Output
[2em Skew =] Skew=0| Bank 1 [,
1F |Zero Skew | phase select 80 MHz
skew 0 ps
Confi ?
T Bk 2008t -
Skew=0[ pank2 2
2F |Zero Skew x| fimmea 80 MHz —_
skew 0 ps View Schematic | 2
Output Divider &
Skew Selector Bank 3 Output
Skew =0 gank3 3Q
3F | Zero Skew | phase select 80 MHz Granularity
K=1 skew 0 ps @ Fine Skew
Output Divider & tu=781ps
Skew Selector o Q Bank 4 Output -
ew = Bank 4 Coarse Skew
4F |Zero Skew x| 80 MHz
7 | phase select =781
L=7 I—I skew 0 ps Y =
Skew in tu
5 5 4 3 2 1 i 1 2 3 4 5 3
Bank 1
Bank 2
Bank 3
Bank 4
4888 3808 3125 -2344 1582 -8 o 78 1382 2344 s 3906 4888

Skew Relative to FB Clock (ps)

Figure 6b: RadClock'™ Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST DS[1:0] £s PE/HD DIV/ 3F[1:0] 4F[1:0] B XTAL1 1Q 2Q 3Q 4Q 3Q[1:0] | 4Q[1:0]
# (/N) UR) (/K) (/M) (Ref.Clk) | [1:0] | [1:0] | [1:0] | [1:0] | (FLIP?) | (FLIP?)
LL H LL MM
7A H M 3Q1 40 160 160 80 160 N N
(/N=2) (/R=1) | (/K=2) | (/M=1)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
FastAcq Sample = W
Curst Fos. 1
20008
C1| Ampl 308V 3.0666684
C1| PK-PK” 368V w 36748290 il i : ; -
ic: 1ov 0 HC1|Freg 150.8M... ;1862028101 BCy| 11 20 Ons 28nsidiv
§c2i 10v 0 §C2|Freq 159.7M... ! 164.38082M ’: -7.55n8 20.0GS/s ET 50 psipt
Cal 10v 0 |C3| Freq 80.03M...u: B5.862165M At: 12 46ns WALx| £ 750mV
C4. 1ov C4| Freg 158.6M.. )1 165.33975M 1/at: B0 .32MHz
Figure 7a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BB UTTR995 Frequency & Skew Calculator — a x
File Help
Feedback Input Divider  Freguency Select
e e psiallz - [H ~Feedback Source
£ Bank 1
l— M=
= Reference Divider PLU'(L“EWY J € Bank2
(PDIDIV) NOoM & Bank 3
\—m -t 160 Mhz € Bank4
e s g ok 1 Ouut
s ]2 B ] o
::I:: skew Dps
Pn;:lgglésw s |'2‘] Bank 2 Output ?
Zero Skew v ) = sz 160 MHz 1
- —— phase select skew 0 ps View Schematic | 2
‘Output Divider &
Skew Selector sken=0] B3 rm Bank 3 Output
N nt
arDdety 2 21 k=g |phase select siow b3 @ Fire Skew
=781
ot .— .
e = rse <
oS S S owe "I
Skew in tu
-6 -5 -4 -3 -2 -1 1] 1 2 3 4 5 [
Bank 1
Bank 2
Bank 3 eedba
Bank 4
4588 -390 3125 -Z344 ar3e2 il o T8 1382 2244 n2s 3906 4588
Skew Relative to FB Clock (ps)
Figure 7b: RadClock'™ Frequency & Skew Calculator - Settings
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rRONTGRADCL

APPLICATION NOTE

UT7R995/C RadClock™
Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe PI;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 2a | 3a | aa | 3quo | sqmo)
# (/N) UR) (/K) /M) (Ref.Clk) | [1:0] | [0 | (0] | [1:0] | (FUP?) | (FLP?)
LL H HH LL
8A H M 3Q1 20 160 160 40 80 N N
(IN=2) (R=1) | (k=4) | ym=2) | @
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope liillies Help Buiton
Fasicq Sample = W

L&
B =
C1| Amp! 308V p: 3.0769675
C1| PK-PK” 368V 37013600
ic wov 0 #C1|Freq 150 90, 160.05216M HCy) 11 45 Ons 5.0ns/div
§c2i 10v 0 §C2|Freq 160.00M...1: 153.9613411 2: -20 0ns 10.0GS/s ET 100ps/pt
cal 1ov 0 C3| Freq 40.0M... u: 40.001103M at; 25 .0ns WAL £ 750mV
c4l 1oV 0 Ca| Froq 79.04M...u: 79.941805M Vat: 40 ONHz

Figure 8a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

BBl UT7R995 Frequency & Skew Calculator — [m) >
File Help

Feedback Input Divider ~ Frequency Select

InmeTﬂ?em psofz = H ~Feedback Source
[20 N :‘ 2 : Bank 1
Reference Divider PLL fffﬂﬂﬂﬂncv Bank 2
(FDON) NoM e
LR - = " Bank4

Phase Skew
i 1 B 1 Qutput
17 2o Scen v] =0 Bk [
ew | phase select 160 MHz
skew 0 ps
Phase Sk Configure ?
fortriniy 4 Bk 2Ot
[Zero Skew =] Skew=0|  Bank2
2F |Zero Skew x| phase select 160 MHz —
skew 0 ps View Schematic | 2
Qutput Divider &
Skew Selector Bank 3 Output
- Skew=0]  Bank3 a
3F | Divide by 4 = | - phase select A0 MHz Granularity
skew 0 ps = Fine Skew
tu=781ps
Output Divider &
SkewSdlectot  qew=0 r4a Sk Qupe € Coarse Sk
= Bank 4 rse Skew
4F |Divideby 2 | 80 MHz
_ > | phase select =781
=2 \—I skew 0 ps =
Skew in tu
6 |RADCIK Frequency Calculator x| 5 6
Bank 1
Bank 2 ERROR! Invalid Selection. Qutput Divider (K} conflicts with Input Divider
(M) and FeedBack Bank 3,
Bank 3
Bank 4
oK

3308 4858

Skew Relative to FB Clock (ps)

Figure 8b: RadClock'™ Frequency & Skew Calculator - Settings

Note: This /K 3Q[1:0] divider configuration is not allowed, per the RadClock calculator tool.
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rRONTGRADLE UT7R995/C RadClock™

APPLICATION NOTE Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe P;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 20 | 3a | s | 3qm0 | 4q1:0]
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
MM M HH LL
9A M M 3Q1 30 60 60 15 30 Y N
(N=1) (R=2) | (k=4) | ym=2) | @
Notes:
1. Trigger = AUX (XTAL1) divided by 2 (15 MHz)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button
Fastheq Swrole _

Tok Fasthcq Sample - - - - — ) 20809 22 121058

Curst Fos

C1|Ampl 284V p: 28397287
CtiPc-Pk* 372V i 36827353

55 673589M HCy| 11 28 dns 10.0ns/div et
2

LA ICt Freq 59.98M.. LA iCtFreq B0.0IM .. 60.000542M HC1| 11 28 dns 10.Onw/div
§c2. 1ov Q §C2iFreq 59.95M...4! 59.948514M 33 2ns 5.0GS/s ET 200pa/pt §c2 1ov @ §C2IFreq 59,98M...j! 59.878314M 2 33.2ns 5.0GS/s ET 200paipt
C3 10v Q C3| Freq 15.0M... p: 15.000606M At: 88 .6ns W Aux| 7 0.0V C3 10v Q C3| Freq 15.0M... p: 15.001180M At 88 .6ns WAux| £ 0.0V
C4 10v 0 C4| Freq 30.0M.. p 20995891M 1/At 15 .02MHz C4 10v 0 C4| Freq 30.01M..i0 30.008542M 1/At 15 .02MHz
. ™ .
Figure 9a: O’scope waveforms: RadClock ' ™" Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BBl UT7R995 Frequency & Skew Calculator — [m] x
File Help
Feedback Input Divider  Frequency Select
s o LR | EE | W [~ Feedback Source
 Bank 1
- M= 1 -
Reference Divider PLL frequency Bark 2
(PDIDIV) Fea from @ Bank 3
2 - — 60 Mhz " Bank 4
REZEsEs 1 1Ot
Skew =0
1F [Zero Skew = e et otz
skew 0 ps
Skew =0
o [Zero Skew =] = . 60 MHz |
skew 0 ps View Schematic | 2
S etz s = Bank 3 Qutput
- e =0 Bank3 ;
aF[Divide by 4 _+] K—a | phose seect 15 Mz G
skew Ops & Fine Skew
Output Divider & D=
‘Skew Selector S0 s Bank 4 Output
ew=0| Bank4
4 [Divide by 2_+] 30 MHz
_> | phase select
M=2 \—I skew 0 ps
Skew in tu
€ 5 4 3 2 1 0 1 2 3 & 5 8
Bank 1
Bank 2
Bank 3
Bank 4
-£250 5208 4167 3125 2083 -1042 0 1042 2083 315 4187 5208 8250
Skew Relative to FB Clock (ps)
- ™ .
Figure 9b: RadClock Frequency & Skew Calculator - Settings
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rRONTGRADLE UT7R995/C RadClock™

APPLICATION NOTE Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DS[LO] | (o | e DIV/ 3F[L0] | 4F[10] | o XTALL 1Q 2Q 3Q 4Q | 3Q[1:0] | 4Q[1:0]
# (/N) UR) (/K) (/M) (Ref.Clk) | [1:0] | [1:0] | [1:0] | [1:0] | (FLIP?) | (FLIP?)
MM H LL MM
10A M M 3Q1 40 80 80 40 80 N N
(/N=1) (/R=1) | (/K=2) | (/M=1)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
Tk Fasthcq Sample - — — — T oes.gzztamg:
BlkE. i
cy wov a Ct I Freq 79.98M . . 75.678011M HC3| 11 42 ns 5.tnsidiv
cz v Q C2iFreq 79.94M . p: T987561TM 2 -17 ons 10.0GS/s ET 100ps/pt
Ic:; 10v a C3| Freq 40.01M...p: 40.000312M At 25 .0ns WAux £ 1.9V
C4 10v 2 C4| Freq 7R.9TM... | 79 .873026M 1/At 40 OMHz
Figure 10a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BE UT7R995 Frequency & Skew Calculator - O ®
File Help
Feedback Input Divider Frequency Select
Inpmxlfrrgg?encv DSHH0 |?[ M *Fc:dback Source
o B Bank 1
“ Reference Divider PLL frequency J ® B2
FDON) friom & Bank3
1 - = ’W  Bank4
et 11 Qv
17 [Foo Skow o] — X0 Bkl s
skew D ps
F'h;;zgl;?w o qu Bank 2 Output ?
Zero Skew v = 80 MH I
* —— phase select sketzps View Schematic | 7
Output Divider &
Skew Selector Bank 3 Output
Skew=0[" pank3 2
3F | Divide by 2 x| phase select 40 MHz.
K=2 skew 0 ps
O By s O
4F |Zero Skew x| Skew =0 p&n:;m ;DOMHZ
w=1 | phase select skew O ps
Skew in tu
£ ) -4 3 2 =1 0 1 2 3 4 5 [
Bank 1
Bank 2
Bank 3 e
Bank 4
4888 3806 3125 2344 1982 781 [+] 78 1962 244 3125 2906 4888
Skew Relative to FB Clock (ps)
Figure 10b: RadCIockTN| Frequency & Skew Calculator - Settings
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rRONTGRADCL

APPLICATION NOTE

UT7R995/C RadClock™
Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ Settings Clock Frequency (MHz) Results
TEST | DSIL0] [ o | pe Pg:‘/ 3¥[10] | 4F[10] | o | XTAU 10 | 20 | 3a | s | 3q@o | sqro
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
MM M LL MM
11A (/N=1) L M (/R=2) (/K=2) (/M=1) 3Q1 40 40 40 20 40 Y N
Notes:

1. Trigger = AUX (XTAL1) divided by 2 (20 MHz)

Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
FastAcq m§'n22|zztvu

Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button
FastAcq msnalwm

Curst Fos
20.2r%

C1| Ampl 284V

2 8399905 C1

284V

28396599

C1 | Px-PK 38V . 35503073 C1 | Pe-PK 356V . 35523532
cy wov a HCtIFreq 39.90M . . 36.593077TM §cr 1 20 2ns 10.Ons/div fcy wov a HCtIFreq 40.01M . 40.008945M §c1| 11 20 2ns 10 Ons/div
§c2 1ov @ 1C2IFreq 39.99M...p: 39.832014M 2. 29 608 5.0GS/s ET 200paipt 1c2 1ov Q 1C2IFreq 40.0VM...p0 40.007106M 2. 29 608 5.0GS/s ET 200paipt
C3 10V Q C3| Freq 20.0M... p. 20.000748M At. 50 .0Ons W Aux 7 0.0V C3 10v C3| Freq 20.0M... p: 20.000552M At. 50 .0Ons WAux| s 0.0V
Ca 1oV 0 C4| Frog 39.99M..4 39 890836M 1/At: 20 OMHZ Ca 1oV 0 C4| Frog 4D.0TM...j: 40.009447M 1/At: 20 OMHZ

Figure 11a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

BB UT7R995 Frequency & Skew Calculator - ] ®
File Help

Feedback Input Divider ~ Frequency Select

oot ey pspofi | [t Feedback Source
" Bank 1
fm N=|1 -
Reference Divider PLL frfequency e
(PD/DIV) _— NOM @ Bank 3
2 - = 4D Mhz " Bank4
Phase Skew
[yt 1 B 1 Qutput
Skew=0| Bank1 [
1F | Zero Skew x| phase select 40 MHz
skew 0 ps
Phase Sk Configure ?
Selecior i Rapi
Skew =0 Bank 2
2F [Zero Skew | phese select 40 MHz —
skew 0 ps View Schematic | ?
Output Divider &
Skew Selector 1 Bank 3 Output
Skew =0 Bank 3
3F | Divide by 2 | phase select 20 MHz
k=2 skew 0 ps
Qutput Divider &
Skew Selector o O
47 [22r0 S Skev=0]  Bank4
ew x| hase select 40 MHz
_7 | phase sel
M- 7 | phose sclect] skew 0 ps
Skew in tu
-6 & -4 3 & =1l 0 1 2 3 4 5 €
Bank 1
Bank 2
Bank 3
Bank 4
4888 -3506 3125 -4 1582 -781 L] 781 1582 2344 3125 3906 4688

Skew Relative to FB Clock (ps)

kTM

Figure 11b: RadCloc Frequency & Skew Calculator - Settings
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rRONTGRADCL

APPLICATION NOTE

UT7R995/C RadClock™
Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClockT™ Settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe P;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 20 | 3a | s | 3qm0 | 4q1:0]
# (/N) /R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
MM H HH LL
12A H M 3Q1 40 160 160 40 80 N N
(/N=1) (R=1) | (x=4) | ym=2) | 3%
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
i | Ns‘ﬂ‘a‘“"{ﬁ‘l

Fasthcq

I‘C»
icz
15

c1 308V 3.0571461
C1 | Pr-PK 364V 36870765
HC1Freq 159.6M.. ;159 89744M acs|
BC2iFreq 159.6M .. 158.93513M 2
C3l Freq 4D.0M... i 40.024758M At
C4!Freq 79.95M..)11 79.958475M 1At

17 Tns 5 Onsidiv

7 3ns 10.0GS/s ET 100ps/pt
25 Ons WAux £ 1.9V
40 .OMHz

Figure 12a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

BEl UT7R995 Frequency & Skew Calculator

File Help

Input Freguency
XTAL1

e

Reference Divider
(PDIDIV)
] R

Phase Skew
Selector

Feedback Input Divider ~ Frequency Select

DS D]|1 = H

]

- [m] X

—Feedback Source
" Bank 1
" Bank 2
&+ Bank 3

1F [Zoro Skew -]

skew Ops

Phase Sk
b 5 ok 2 Output
2 [Zero Skew ] T 180 MHz
skew 0 ps
Output Divider &
Skew Selector Bank 3 Output
Skew=0[ pank3 3a
3F |Divide by 4 = | phase select 40 MHz
K=4 skew 0 ps
‘Output Divider &
‘Skew Selector Bank 4 Output
7 [Divide by 2 Skew=0|  Bank 4 o
videby 2 | heee select 80 MHz
5 | phasese
W =2 | phase select| skew 0 ps
Skew in tu

" Bank 4

Bank 1 Output
’—10
160 MHz

Configure ?

il

View Schematic | 7

-Granularity

' Fine Skew
tu=781ps

" Coarse Skew
tw=78ps

€ 5
Bank 1
Bank 2
Bank 3
Bank 4
4858 -3%08

Figure 12b: RadCloc

4350 Centennial Blvd., Colorado Springs, CO 080907 e frontgrade.com e sales@frontgrade.com

3125 24 132 B 1582

Skew Relative to FB Clock (ps)

781 [}

kTM

244 3125 305 4888

Frequency & Skew Calculator - Settings
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rRONTGRADLE UT7R995/C RadClock™

APPLICATION NOTE Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClockT™ Settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe PI;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 20 | 3a | s |3qo | 4qri0)
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
MM M HH LL
13A M M 3Q1 40 80 80 20 40 Y N
(/N=1) (R=2) | (x=4) | ym=2) | 32
Notes:
1. Trigger = AUX (XTAL1) divided by 2 (20 MHz)
Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button
Fahe WK Fasthc Sarcle —

- -

3,0351481
36495354

3.0386404
36538838

10 Ons/div

76.589451M §C1| 11 45 0ns 10 Onsidiv §ci v o 0C1[Freq B0.01M...js: 80.213224M §C1| 11 45 0o
80.023733M 2 4608 5.0GS/s ET 200pa/pt §c2 1ov @ 1C2iFreq 80.02M...: BO.04341BM 2 4808 5.0GS/s ET 200pa/pt
. 20.000323M At. 49 Bns W Aux| £ 0.0V cC3 10v @ |C3| Freq 20.0M... p: 20.182677M At. 49 Bns W Aux| £ 0.0V
: 39.995378M 1/At: 20 0BMHz C4 10v @ C4| Froq 4D.01M...ji 40.005346M 1/At: 20 0BMHz
Figure 13a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
BE UT7RI93 Frequency & Skew Calculator - O ®
File Help
Feedback Input Divider Freguency Select
Input X?E;Jenc'y pspafi | M ~Feedback Source
" Bank 1
40 N =‘ 1 .
Reference Divider FLL frfequency J e
(PD/DIV) _— NOM (¥ Bank 3
A — 80 Mhz " Bank 4
R ose.She e 1 2ok 1Ot
1F |Zero Skew x| ek et [ g0 bz
skew D ps
Skew=0
o [For S ] S0 Bz T |
skew D ps View Schematic | 7
it s 3 ok 3 Outpt
37 [Divide by 4~ m;:d Dh;:ngjm FZD WMHz
- skew 0 ps
OS“}iDeL:;l\[S):aTg:lE;r& . . rm Bank 4 Output
" ELS Bank 4
4F |Divideby 2 | Teman s 40 MHz.
M2 | phase selec skew 0 ps
Skew in tu
-6 5 -4 = =3 -1 0 1 2 3 4 5 6
Bank 1
Bank 2
Bank 3
Bank 4
4585 <3506 3125 -2344 1382 -781 0 781 1352 2344 3125 3506 4588
Skew Relative to FB Clock (ps)
Figure 13b: RadCIockTNI Frequency & Skew Calculator - Settings
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rRONTGRADLE UT7R995/C RadClock™

APPLICATION NOTE Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DS[1:0] Fs PE/HD DIV/ 3F[1:0] 4F[1:0] B XTAL1 1Q 2Q 3Q 4Q 3Q[1:0] | 4Q[1:0]
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL M HH LL
14A H M 3Q1 40 160 160 40 80 N N
(/N=2) (/R=2) | (/K=4) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button
o = E——
G B seev i aeranoe
cy wov a HCtiFreq 160.3M . . 185 06527M Bc3| 11 17 .Tns 5. Onsidiv
ic2 1ov 2 C2iFreq 160.3M ... 161.04608M 2 7 3ns 10.0GS/s ET 100ps/pt
Bl iz 2 Jlom smisiee | & 3R e
Figure 14a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
B8 UT7R995 Frequency & Skew Calculator — [m) =
File Help
Feedback Input Divider Freguency Select
Input Frecquency DS[1:D]|7I [w- 'F:"d:’t?"“’“
- N=|2 "
= Reference Divider FLL frequency J ®EZ
(PDIDIV) = % Bank 3
7 <]—=2 160 Mhz © Bank4
FEDEID 1ok 1 Ouout
1F [Zero Skew =
Prise Skew Configure 7
2F [Zero Skew ~ I
View Schematic | 7
Output Divider &
‘Skews Selector
3F |Divide by 4 ~ Granularity
& Fine Skew
Qutput Divider & w=78lps
Skew Selector
4F [Divide by 2~ E ﬁ]"f’;;spl;“
Skew in tu
% 4RADCIk Frequency Calculator ® 5
Bank 1
Bank 2 ERROR! Invalid Selection, Output Divider (K] conflicts with Input Divider
B (N} and FeedBack Bank 3.
Bank 4
- LS [
Skew Relative to FB Clack (ps)
Figure 14b: RadCIockTNI Frequency & Skew Calculator - Settings
Note: This /K 3Q[1:0] divider configuration is not allowed, per the RadClock ™™ calculator tool
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rRONTGRADCL

APPLICATION NOTE

UT7R995/C RadClock™
Banks 3Q, 4Q Output Clock Phase

9/21/2023
RadClock™ Settings Clock Frequency (MHz) Results
TEST | DSIL0] [ o | pe Pg:‘/ 3¥[10] | 4F[10] | o | XTAU 10 | 20 | 3a | s | 3q@o | sqro
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H MM LL
15C (/N=2) M M (/R=1) (/K=1) (/M=2) 3Q1 40 80 80 80 40 N Y
Notes:

1. Trigger = AUX (XTAL1)

Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button

FasAca 5 l3§'l¢ 10:36:4¢

Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
FastAcq S '35,"',"”,“

@t ry Na—

c1 304V g 3,0399987 C1| Ampl 304V g 30310726
C1 | Pr-PK 364V . 36330561 C1 | Pr-PK 364V o 36208635
fcy oV @ IC1Freq 79.05M . 76.638504M BC3| 11 17 Bns 5.0ns/div fcy v @ ICtiFreq 80.02M...ji: 80.016555M BC3| 11 17 Bns 5 Onsidiv
§C2 1oV 0 §C2iFreq 79.94M...! 79 834446M 2 7.2n8 10.0GS/s ET 100ps/pt §c2 1ov Q §C2iFreq 80.03M...:: BO.02243M 2: 7.0 10.0GS/s ET 100ps/pt
Ic:; v @ C3l Freq TOETM..js; 78.ET1621M At. 25.0ns WA 7 19V ca 10V @ C3| Freq 80.1M... i B0.012732M At. 25.0ns WAux| 7 1.9V
C4 10V @ C4 Froq 4D.0M.. i 40.000375M 1AL: 40 OMHZ Cs 10V 0 C4|Froq 4D.0M.. ji: 40.000B44M 1AL: 40 OMHZ

Figure 15a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

B8 UT7R99S Frequency & Skew Calculator - O 4
File Help
Feedback Input Divider ~ Frequency Select
Input Frequency = -
o hEIE M Ft:-edba:k Source
- =
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Figure 15b: RadCloc Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DS[1:0] £s PE/HD DIV/ 3F[1:0] 4F[1:0] B XTAL1 1Q 2Q 3Q 4Q 3Q[1:0] | 4Q[1:0]
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H MM LL
16C M M 3Q1 40 40 40 40 20 N Y
(/N=1) (/R=1) | (/K=1) | (/M=2)
Notes:
1. Trigger = AUX (XTAL1) divided by 2 (20 MHz)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
P o
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ic2 1ov 2 C2iFreq 39.99M .. 39.889245M 2 -20 Ons 5.0GS/s ET 200ps/pt ic2 1ov @ C2iFreq 40.01M_.u: 40.010887M 2 -20 Ons 5.0GS/s ET 200pa/pt
C3 10V 0 C3| Freq 39.90M...p: 40.021151M At: 50 .0ns W Aux| 7 0.0V C3 10V Q C3| Freq 40.02M...p: 40.012536M At: 50 .0ns WAux| 7 0.0V
C4 10v 0 C4| Freq 200M.. p: 20012119M 1At: 20 OMHZ C4 10v 0 C4| Freq 20.0M.. p 20000337M 1At: 20 OMHZ
Figure 16a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 16b: RadCIockTNI Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
TEST | DSIL0] [ o | pe Pg:‘/ 3¥[10] | 4F[10] | o | XTAU 1@ | 2a | 3a | aa | 3quo | sqmo)
# UN) UR) (/x) (/M) (Ref.clk) | [1:00 | [1:0] | [10] | [2:0] | (FLP?) | (FLIP?)
LH H MM LL
17C (/N=4) H M (/R=1) (/K=1) (/M=2) 3Q1 40 160 160 160 80 N Y
Notes:

1. Trigger = AUX (XTAL1)
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fcy oV @ IC1iFreq 160.6M.. . 166.94238M Hc3| 1t 5.2ns 2 Sasidiv fcy v @ ICtiFreq 159.6M...js: 168 85519M gcs 1 5.2ns 2 Snsidiv
§c2. 1ov @ §C2iFreq 160.6M ... 166 82048M 2 7 3ns 20.0GS/s ET 50.0ps/pt ic2 1ov @ BC2IFreq 159.6M ... 160 12856M 2 7 3ns 20.0GS/s ET 50.0ps/pt
C3 10v Q C3| Freq 160.7M...j; 167.36043M At: 12 6ns WAux| s 1.9V Ic:; 10V @ C3| Freq 159.5M...ja; 170 58890M At 12 6ns WAux| s 1.9V
C4 10v 0 C4| Freq B80.06M...p: B81.006233M 1/At: 80 OMHZ C4 10v 0 C4| Freq B0.04M.. ' 132 92432M 1/At: 80 OMHZ
. ™ .
Figure 17a: O’scope waveforms: RadClock' ™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 17b: RadClock Frequency & Skew Calculator - Settings
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RadClock™ Settings Clock Frequency (MHz) Results
TEST | DSIL0] [ o | pe Pg:‘/ 3¥(10] | 4F[10] | o | XTAU 10 | 20 | 3a | s | 3q@o | sqro
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H LL MM
18B (/N=2) M M (/R=1) (/K=2) (/M=1) 4Q1 40 80 80 40 80 Y N
Notes:

1. Trigger = AUX (XTAL1)
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cz 10v ‘,’ §C2|Freq B0.0TM...u: B0.003B51M 2: -17 9ns 10.0GS/s ET 100ps/pt | (& 1.0v (V) §C2|Freq 79.97M...u: 80.019203M 2: -17 9ns 10.0GS/s ET 100ps/pt
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. ™ .
Figure 18a: O’scope waveforms: RadClock' ™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 18b: RadClock Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
*
TEST | DSIL0] [ o | pe PI;V/ 3¥[10] | 4F[10] | o | XTAU 1@ | 2a | 3a | aa | 3quo | sqmo)
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H HH LL
19B H M 4Q1 40 160 160 40 80 Y N
(IN=2) (R=) | Uk=2) | ym=2) | *@
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button Flle Edit Vet HorzAcq Trig Display Cursor Meas Mask Math App MyScope Utiities Help Button
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Figure 19a: O’scope waveforms: RadClock' ™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 19b: RadClock Frequency & Skew Calculator - Settings
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RadClock™ settings Clock Frequency (MHz) Results
PD*
TEST | DS[LO] | (o | e DIV/ 3F[L0] | 4F[10] | o XTALL 1Q 2Q 3Q 4Q | 3Q[1:0] | 4Q[1:0]
# (/N) /R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) | (FLIP?)
MM H MM MM
20D L M 3Q1 40 40 40 40 40 N N
(/N=1) (/R=1) | (/K=1) | (/M=1)
Notes:
1. Trigger = AUX (XTAL1)
Flle Edit Vet HorzAcq Trig Displey Cursor Meas Mask Math App MyScope Utiities Help Button
Fastcq - ey, DO e 140638
C1 284V 28158564
C1 | PPk 352V 35112602
e v oa 0C1 Freq 39.90M.. i 44 5254920 §C1| 11 <20 Ons 10, Onsidiv
§c2. 1ov Q §C2iFreq 4D.0M... i 40.190614M 2° 30.0ns 5.0GS/s ET 200pa/pt
Ica v C3| Freq 39.09M...s. 48.513895M At: 50 Ons W Aux| 7 -25.0mV
C4 vy C4| Freq 4D.0M.. p: 41.094473M 1/At 20 .OMHZ
Figure 20a: O’scope waveforms: RadClock'™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 20b: RadCIockTNI Frequency & Skew Calculator - Settings
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4.1 Measured Data - Discussion
Table 2: Summary of RadClock™ Test Settings and Measured Results

RadClock™ Settings Clock Frequency (MHz) Results
TEST | DS[LO] | (o | oo P:I:/ 3F[10] | 4F[10] | XTAL1 1Q 2Q B@ Bq | B810) | AGI1:0]
# (/N) JR) (/%) (/M) (Ref.Clk.) | [1:0] | [2:0] | [1:0] | [2:0] | (FUP?) | (FLIP?)
o /r\iZ) H M ( /R"l 0l /II(J:-Z) ( /“;L:Z) 2q1 60 120 120 60 60 Y Y
A | /rttZ) M M ( /RH= 0| /;:2) ( /|\;L=2) 201 40 80 80 40 40 Y Y
AL /r\iz) M M ( /R|11) (/“22/'1) ( /“;L:Z) 3q1 40 80 80 80 40 N Y
“mol /1\522) H M ( /R'l 1) (/MK=M1) ( /“;L:Z) 3q1 80 160 160 160 80 N Y
A1 /l\iz) H M ( /R"l y | /II(-I=-2) ( /“;L:Z) 301 40 160 160 80 80 N N
A | /hﬁtz) M M ( /R"l 1 (/'\22"1) ( /'\“"/I'\:'l) 3q1 40 80 80 80 80 N N
A /l\iz) H M ( /R"l y | /II(-I=-2) ( /'l\w/l'\:"l) 301 40 160 160 80 160 N N
A | /hﬁtz) H M ( /RH= ol /'I::H 0 | /,\;L:Z) 3q1 20 160 160 40 80 N N
ot | /'\SLV'I) M M ( /RM= 2| /354) ( /“;L:Z) 301 30 60 60 15 30 Y N
10A | /hs=M1) M M ( /R'i 0| /iz) ( /'l\\/l/ll\:ll) 3q1 40 80 80 40 80 N N
uat | /m=M1) L M ( /RM= 2| /liz) ( /m'rn 31 40 40 40 20 40 Y N
2a | /'\rfll=M1) H M ( /R"i ol /L'E y | /'\;L:Z) 3a1 40 160 160 40 80 N N
1At | /m=M1) M M ( /R“ﬂ 2| /E:"” ( /'\;L:Z) 3a1 40 80 80 20 40 Y N
1A | /l\iz) H M ( /R'\ﬂ S /Ef4) ( /'\;L:Z) 3a1 40 160 160 40 80 N N
1sc || /,iz) M M ( /R"l 1) (/'LM” ( /,\;tz) 3a1 40 80 80 80 40 N Y
lect | /'mﬂn L M ( /R"ll) (/“22/'1) ( /“;L:Z) 3q1 40 40 40 40 20 N Y
e | /;': g | M M ( /R"l 1) (/'LM” ( /,\;tz) 3a1 40 160 160 160 80 N Y
188 | /l\iz) M M ( /R"l 0l /liz) ( /“&":"1) 4Q1 40 80 80 40 80 Y N
198 | /lttz) H M ( /R'l 0l /E:” ( /,\;L:Z) 4Q1 40 160 160 40 80 Y N
200 | /I\S:Mn L M ( /RH: 1 (/'\22"1) ( /“lx//|||\=/|1) 3a1 40 40 40 40 40 N N
Notes:

1. O’scope Trigger = AUX (XTAL1) unless otherwise noted.
2. 1t O’scope Trigger = AUX (XTAL1) clock divided by 2.

The rightmost two columns of Table 2 (Results) show whether or not the Bank 3, 4 (3Q[1:0]; 4Q[1:0]) outputs changed

state (from logic high/low to low/high or vice-versa) upon RadClock™™ startup, as defined as the PD*/DIV Reset pin
momentarily set to logic low (0V). A “FLIP” indicates different output logic states between different startup events.
In one case, then, the startup logic state of the indicated Bank 3, 4 output clock phase would be inverted with -

respect-to the RadClockT™ XTAL1 reference clock input.
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4.2 Additional Measured Data

Additional measurements were made using the RadClock™ evaluation board UT7R995-EVB, S/N 2023-003, for two of the
previous UT7R995 RadClock™ configurations. PD*/DIV was held low (power-down) prior to a single trigger waveform
capture on the first rising edge of Channel 1 (1Q0). This procedure was repeated either four times (Test 3A), or two times
(Test 11A) to show the different startup states for outputs 3Q0 or 4Q0. The time scale for all plots is 50 us/div. Note that
the PLL lock time, tiock electrical timing spec. is 0.5 ms (500 ps) max.

RadClock™ Settings Clock Frequency (MHz) Results
TEST | DSIL0] | o | pe Pg:‘/ 3¥[10] | 4F[10] | | XTAU 0 | @ | @ | @ | @ | @
# (/N) (/R) (/K) (/M) (Ref. Clk.) [1:0] [1:0] [1:0] [1:0] (FLIP?) (FLIP?)
LL H MM LL
3A (/N=2) M M (/R=1) (/K=1) (/M=2) 3Q1 40 80 80 80 40 N Y
Notes:

1. Trigger = 1Q0; O’Scope Ch. 1, 80 MHz
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Figure 3a2: O’scope waveforms: RadClock™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0
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Figure 11a2: O’scope waveforms: RadClock™ Output Signals: 1Q0, 2Q0, 3Q0, 4Q0

5.0 Summary and Conclusions

This Application Note (AN) documents an observed startup condition when using the Bank 3 (/K), 4 (/M) output dividers,
which is dependent on the RadClock™ overall configuration, including feedback (FB) path and divider settings. It has been
empirically determined by measurements that in some instances, Bank 3 (/K) and Bank 4 (/M) output dividers with divide
ratios other than /1 (i.e. /2 or /4) can result in output clock phase uncertainty at startup with-respect-to the input reference
clock, XTAL1.

This information is provided as guidance when using the RadClock™ Bank 3 and/or Bank 4 output dividers with divide ratios
other than /1. We recommend that product users check the corresponding clock outputs to determine if this issue exists
for the selected user configuration. A general guideline is to assume that the Bank 3 (/K) and Bank 4 (/M) output clock
dividers can initialize in either a logic low or high state at start-up. There is no workaround available for those use cases
where this start-up indeterminacy behavior is observed.

Finally, there are four configurations given in this AN where the o’scope plots for either the Bank 3 (3Q0) or Bank 4 (4Q0)
outputs show both logic low and logic high traces at the same time. These cases are for TEST #’s: 9A, 11A, 13A, and 16C.
This is a result of the RadClock™ output divider ratios and FB connections yielding clock output frequencies of one-half of
the reference clock input frequency. To show only a single a single logic state at a given time for these test cases, the
o’scope input clock trigger is set to XTAL1 divided by two (/2).

The general output frequency calculations are given in the RadClock™ Datasheet, p.6, Table 6: “Calculating Output
Frequency Settings.” This Datasheet table is reproduced here for reference as Table 3.
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Table 3: Calculating Output Frequency Settings

Configuration Output Frequency
Clock Output Connected to FB 1Q[1:0] * and 2Q[1:0] * 3Q[1:0] 4Q[1:0]
1Qnor 2Qn (N/R) * fxraL (N/R) * (1/K) * fxrac (N/R) * (1/M) * fyraL
3Qn (N/R) * K * fxraL (N/R) * fxrac (N/R) * (K/M) * fxrar
4Qn (N/R) * M * fyraL (N/R) * (M/K) * fxraL (N/R) * fxrac
Note:

1. These outputs are undivided copies of the VCO clock. Therefore, the formulas in this column can be used to calculate the nominal
VCO operating frequency (fvom) at a given reference frequency (fxral) and the divider and feedback configuration. The user must
select a configuration and a reference frequency that will generate a VCO frequency that is within the range specified by FS pin.
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6.0 Appendix A - Test Equipment Setup

6.1 Test Equipment Setup — Sections 4.0 and 4.1 (Previous Data)

=
e
A‘ 5 32"
W
T

Test equipment setup for measured results as described in Sections 4.0 and 4.1 is shown in Figures 22 and 23, below.

Figure 22: Test Equipment Setup for Sections 4.0 and 4.1 — Test Bench

Y IR

Figure 23: Test Equipment Setup for Sections 4.0 and 4.1 — UT7R995-EVB
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6.1 Test Equipment Setup — Section 4.2 (New Data)

Test equipment setup for measured results as described in Section 4.2 is shown in Figures 24 and 25, below.

Figure 24: Test Equipment Setup for Section 4.2 — Test Bench
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Figure 25: Test Equipment Setup for Section 4.2 — UT7R995-EVB
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