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static constexpr double magic_factor = 247390116249 / 100000.0;

ptp::scalednanoseconds ptp::ti::0sc::getbrift() const

auto values = readRegs(ptp::ti::Register::DPLL2_FB_NUM_STAT_4, 4);
std::uint64_t value = 0;

value |= values[0];

value |= static_cast<std::uint64_t>(values[1l]) << 8;

value |= static_cast<std::uint64_t>(values[2]) << 16;
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value |= static_cast<std::uint64_t>(values[3]) << 24;

// if MSB is 1 handle two's complement
if (value > (1ull << 39)) value = -((value A Oxffffffffff) + 1);

auto drift = std::chrono::duration<double>(value / magic_factor);
return std::chrono::duration_cast<ptp::scalednanoseconds>(drift);

}
void ptp::ti::0sc::setDrift(ptp::scalednanoseconds drift)
{

// Check for absolute limits
if(drift > std::chrono::microseconds(400)) drift = std::chrono::microseconds(400);
if(drift < std::chrono::microseconds(-400)) drift = std::chrono::microseconds(-400);

ptp::scalednanoseconds drift_diff = drift - getbrift(Q);
if(drift_diff == std::chrono::seconds(0)) {return;} // nothing to do

// check for Timit per change
if(drift_diff > std::chrono::nanoseconds(40000)) drift_diff = std::chrono::nanoseconds(40000);
if(drift_diff < std::chrono::nanoseconds(-40000)) drift_diff = std::chrono::nanoseconds(-40000);

auto driff_f = std::chrono::duration_cast<std: :chrono::duration<double,
std::nano>>(drift_diff).count();

auto value = static_cast<std::uint64_t>(magic_factor * std::abs(driff_f));
auto values = std::vector<std::uint8_t>(5, 0x00);
std::copy(reinterpret_cast<std::uint8_t *>(&value),reinterpret_cast<std::uint8_t *>(&value)+5,

values.rbegin());
writeRegs(ptp::ti::Register::DPLL2_FBFDEV_BY4, values);
// if we have a positive drift, the PLL has to be slowed down 1 is decrement, O is increment speed
std::uint32_t direction = drift_diff.count() > 0 ? 1: O;
writeReg(ptp::ti::Register::DPLL2_FBFDEVUPDATE, direction);

m_currentDrift = m_currentbrift + drift_diff;
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2Way Time Error (Filtered)
30 0.1Hz low-pass filtering applied to all data
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20
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Wil &

s 1pps TE Absolute Time Error (Filtered)

Time Error (Filtered) [ns]

14
12
10

8

6

¢ 1pps TE Absolute Time Error (Filtered)

O‘PJI.JM\\W % \\ l'w“ (Hgﬁ f\“w“ww "ﬁl) l\ "ll M \hﬂ(u.]lw‘ﬂw M‘\.'\ ,M M“l NF ||' m M ‘(

-10

-12
0 1000 2 000 3 000 4000 5000 6 000 7 000 8 000 9 000 10 000

Elapsed Time [s]

e

11 000 12 00¢

Mean 0.914 ns
Min -1.306 ns
Max 3.12ns

Max-Min 4.426 ns
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5 1pps TE Absolute |
4
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2
! 1 10 100 1000 10 000 100 00
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Min 3.75 ns
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FESEI AR, 20 A A B — AT R Ja — A7 B R e TR RCR T2 — A X TR R S

o U T XARBESERA ? MRXETTE |, E7E Word TREmESTEIETE , REMEH TI TELTA BE

12:01:57.09895 - 12:01:53.57872 = 3.5s

QP SRASE FH 308 R AR AR I O BR A, U5 — A DX B A R 1) /N 1 A

(1)

12
-1646305347758870528ns>
:01:53.57875
:01:54.32878
:01:54.81291
:01:54.81294
:01:54.86872
:01:54.91748
:01:54.95272
:01:55.03707
:01:55.09210
:01:55.17129
:01:55.26151
:01:55.32995
:01:55.34612
12:01:55.40650
12:01:55.46685 TimestampStats
offset=-10985745ns>
12:01:55.50951 TimestampStats
offset=-10985782ns>
12:01:55.60322 TimestampStats
offset=-10985832ns>
12:01:55.64053 TimestampStats
offset=-10985870ns>
12:01:55.77892 TimestampStats
offset=-10985957ns>
12:01:55.83618 TimestampStats
offset=-10985998ns>
12:01:55.89710 TimestampStats
offset=-10986037ns>
12:01:55.94715 TimestampStats
offset=-10986066ns>
12:01:56.02576 TimestampStats
offset=-10986119ns>
12:01:56.11254 TimestampStats
offset=-10986174ns>
12:01:56.16287 TimestampStats
offset=-10986208ns>
12:01:56.22994 TimestampStats
offset=-10986256ns>
12:01:56.30856 TimestampStats
offset=-10986300ns>

12
12
12
12
12
12
12
12
12
12
12
12
12

<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03

12
12
12
12
12
12
12
12

12
12
12
12
12
12
12
12
12
12
12
12
12

12:01:56.32965 do no adjust as filters are not ready

12:01:56.36520 TimestampStats
offset=-10986335ns>
12:01:56.42143 TimestampStats
offset=-10986379ns>
12:01:56.46719 TimestampStats
offset=-10986415ns>
12:01:56.56008 TimestampStats
offset=-10986468ns>
12:01:56.65093 TimestampStats
offset=-10986542ns>
12:01:56.70391 TimestampStats
offset=-10986581ns>
12:01:56.77593 TimestampStats
offset=-10986615ns>
12:01:56.84436 TimestampStats
offset=-10986664ns>
12:01:56.93805 TimestampStats
offset=-10986722ns>
12:01:57.01258 TimestampStats
offset=-10986790ns>

<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03
<meanTime=2022-03-03

12:01:57.01261 adjust drift -6.65936e-07s/s
12:01:57.01264 Adjust rate by -665.936 ns/s (speeding
12:01:57.01269 compensate Offset -0.0109868s

12
12
12
12
12
12
12
12
12
12

do epoch jump to 2022-03-03 12:02:30 ptp
do no adjust as filters are not ready
TimestampStats<meanTime=2022-03-03
change to CALIBRATE state

TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
TimestampStats<meanTime=2022-03-03
do no adjust as filters are not ready
TimestampStats<meanTime=2022-03-03 12:
TimestampStats<meanTime=2022-03-03 12:

:02:

:02:
:02:
:02:
:02:
:02:
:02:
:02:

02:
02:

:02:31
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:

:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:

31
31
31
31
31
31
31
31

31
31

32
32
32
32
32
32
32
32
32
32
32

32
32
32
32
33
33
33
33
33
33

up)

:01:53.57872 TimestampStats<meanTime=1996-02-01 06:31:16 ptp,

ptp,

ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,

ptp,
ptp,
ptp,

31 ptp,

ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,

ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,
ptp,

pathDelay=577ns,

pathbelay=596ns,
pathDelay=591ns,
pathbelay=590ns,
pathDelay=570ns,
pathDelay=586ns,
pathbelay=580ns,
pathDelay=588ns,
pathDelay=575ns,
pathDelay=591ns,
pathDelay=577ns,
pathbelay=578ns,
pathDelay=576ns,
pathDelay=592ns,
pathbelay=576ns,
pathDelay=578ns,
pathDelay=578ns,
pathbelay=580ns,
pathDelay=572ns,
pathDelay=591ns,
pathbelay=582ns,
pathDelay=581ns,
pathDelay=587ns,

pathbelay=593ns,

pathbelay=591ns,
pathDelay=585ns,
pathDelay=582ns,
pathbelay=588ns,
pathDelay=579ns,
pathbDelay=573ns,
pathbelay=585ns,
pathDelay=583ns,
pathDelay=588ns,
pathbelay=570ns,

offset=

offset=-10985308ns>

offset=-10985333ns>
offset=-10985367ns>
offset=-10985410ns>
offset=-10985460ns>
offset=-10985494ns>
offset=-10985541ns>
offset=-10985619ns>

offset=-10985666ns>
offset=-10985701ns>
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12:01:57.01274 change to COLLECT_DATA state
12:01:57.09895 TimestampStats <meanTime=2022-03-03 12:02:33 ptp, pathDelay=577ns, offset=-10ns>
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3.4 BfZHITE G.8275.2 S EMIR - TIPS ik

X T BA R I SRR I 28 RO ] , 51975 ONIERBE S e fF B PTP Bh G PTP sE Ve
G.8275.2 HIERMEHEATAC & .«

PTP S SCd R PRI S 4

PTP 15 )y 44.

PTP SRl A N READ 64 N EHE .
RN R OSCHR AN 1
AN R 3 2R,

LUK 4 kS 2 R

HWEHUCH IPv4

syn1588® PTP fL B 4K :

AR S H s BN I E A X = PDV 34T 1 Li

Wl 1 RN R AR AR e A

152 T ARER PR RIE TIDE I 3%

AT ARLANE Lucky il e, Bl gz Xy 4069 N , I EuER AR 7Ly 3 MR .
8 AL HE— K

WILEMIZ TR |, syn1588® PTP il ik 75 Z ik — DA R N %) Calnex Z24:5| NI PDV. 44T 7 — U] Sk
M5 WA I A0 A LT g B E ToD B #hi@id Calnex #2451 1PPS (55 #H T 4N A . — B2
PRG-I PTP W isUR IR A | ZIRt < B FTA PTP k3T, AR HTHE (RS R AR 1R | T
ANEERELERS B i H B SO R TR RS |, AT L4 #T Calnex Paragon X A= B 1k 45 -

3-10 &R T AP RS EE (e IR A4 (T2 - T1) , 1B 3-11 $efit 7 RER RIS RS (T4 - T3). f#
ML AT T R s &

Clock_Of fset = (T2-T1) > (T4—T3) "

AT A 3-12 Pias. B 3-13 SR At 15 AT 4G I B i AL I -
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350000 L | Leader to Foliower (T2 - T1 )}
5 =

300000 [~ 3
250000 | Il

©200000 |

150000 |
100000 - || :

50000 +
0 : | n kil i | L i L |
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400000 [ : ' ‘ {

Leaderto Follower (T4— T3)

T T .
.L ALI.[;IL ‘

Leaderto Follower (T2—=T1) | {il|if | .

Tl T .

350000

T == T

300000 -

250000 ‘

£200000 |-
150000 [
100000 [~

50000 |-

= L 1 L I I i L i L 1 1 L L 1 L

| 1 . |
[0] [2] (4] (6] (8]
00:00.000 [Minutes] Time
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N T IR IE R B AL, PTP IR iSRRIC B v s 8 PO B — IR BEAFIS B b4 | Lucky % 40 JE U 25 )4
R N R 4069 MW . W EL s
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-1 000
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3.5 H{E M G.8262.1 & MIHEMIA - SyncE Bz

JREL I 2 I 5 I DA — i A S D) ) 55— AN N I BT AR RN TRDRS AR 22 . R HE D 2T S
G.8262.1 T TR ) SyncE i 3R 2 fr) BRIl A1 2% A

3-15 A& 3-16 Hiom /AHMN EE .

. SyncE: 10G (Port 1)

200
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2
= 0
w
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-50
-100
-150
-200
0 5 10 15 20 25 30 35 40 45 50 55 60
Elapsed Time [s]
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Wil &

» SyncE: 10G (Port 1)

1000

300

200

100

MTIE [ns]

50
40

30

20

10

0.02

0.1

0.2 1 2 10 20
Observation Window [s]

Min

120.76 ns

Max

156.348 ns

Max-Min

35.588 ns

& 3-16. SyncE B4 MTIE

100
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4 PTP #4MNH

BILFE A T DPLL3 (1] LMK5CxxxxAS1 LR H#H [l (1 DCO 5% |, FILAEFR 5G JoLR N % PTP i, 4nfs]
4-1 fizR. LMKSCxooxxAST BLEH T 523 C L LA EVERER LEAEEE | [ Gl At th G Jo 2 s i B 1 s 1k
B , 491.52MHz i I ity i K443l 57fs ( 12kHz % 20MHz ) . LMK5XXXXXS1 Jy DPLL il APLL 3.2 [

WHER R AL 7RG, AR R 2R PTP S8 /2 Y SyncE K, B & 45 & H] PTP A SyncE ,
X IX B AT 0K

APLL3
DPLL Disabled ‘228 POF

APLLL Slgglggl SyncE + PTP Network
) Timing clocks
s Pro L @ > 125 MHz
100 MHz
; +FB . +N 1PPS
40-bit Frac-N SDM 40-bit Frac-N SDM
A —T
1 i
48 MHz 96 MHz XO ‘ DPLL feedback clock
XO/TCX0/0CX0 i
XO REF
|
156.25 Lc-vco i
o BRI MPL2  5.625 GHz SyncE domain clocks
IN3 Ly 1(;,:/ 1Hz | | S - 125 MHz
25 MHz
40-bit Frac-N SDM 40-bit Frac-N SDM
DPLL feedback clock
From APLL2 cascaded to ‘
DPLL3
XO REF
APLL3 R0
DPLL3 . 2.4576 GHz SyncE+PTP Radio Domain Clocks
TDC i
[ 104/ —» 0D1L}:z = PFD [ LF »@ = 491.52 MHz
e 245.76 MHz
- B 122.88 MHz
40-bit Frac-N SDM 40-bit Frac-N SDM SYSREF =n* 1.92 MHz
Frequency/phase control DCO J
via 12C/SPI programming A FDEV
DPLL feedback clock

& 4-1. F-T 5G R PTP il SyncE
5 HAWF &
I A HAR % 2% 1 B REAE N, T LAk syn1588® PTP WhStAk I dERE & | AT Bheisk X 2% SZ 45 ) 1)

BTN, Ah , IERTED R N D 2R R E R RN, i — DRI R R RS . BT, 1T RIS A SRR SyncE 19
SLOEHATE R | DA I8 LMKSXXXXXST 525 PTP RS R ERAITFF o fE .

24 LMKSXXXXXS1 4% a6 #4141 PTP #75 G.8275.1 Fil G.8275.2 H 4 AN

ZHCAEA48 - JUNE 2024
IR

eI R
English Document: SNAA365
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCAE48
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCAE48&partnum=
https://www.ti.com/lit/pdf/SNAA365

13 TEXAS
INSTRUMENTS

www.ti.com.cn GE

6 455

4 Arria® 10 1) syn1588® 5 LMKSXXXXXS1 4546 FH Al & A 3§ (100ns). B 3§ (70ns). C 2% (30ns) #£%£ D
%% (5ns) HLGHEEER . 1PPS F 5 MENEL 2ns. ZIAH] D Zbrifk , AU HAEETE 5 PINIRHL N T 1ns 1)
FRE R s RAMIRG 8. BLAh , Tl E X R AENAS PTP 8340 L Al B R AT |, AR SR — A4 8L
20 G e s Y A e

X BA OB PSRN, PTP HhisURACE S ik, I ab3ink 230us ¥ PDV , [FIB CRFFIE I K
+1.5pus JulE P, H4R & 500ns.

7 SEHER

1. FEINALES (TI) , LMK5C33216A 7%/ X1

2. fEMACES (T, LMK5C33216AST /%1 X 1F#

3. International Telecommunication Union (ITU), G.8275.1 : Precision time protocol telecom profile for phase/
time synchronization with full timing support from the network

4. International Telecommunication Union (ITU), G.8275.2 : Precision time protocol telecom profile for time/
phase synchronization with partial timing support from the network

5. terasIC, Arria® 10 Han Pilot Platform

6. IS (TI), TICS Pro #1#
7. International Telecommunication Union (ITU), G.8273.2 : Timing characteristics of telecom boundary clocks
and telecom time slave clocks for use with full timing support from the network
ZHCAE48 - JUNE 2024 LMKSXXXXXS1 /25 AL #4151 PTP A7t G.8275.1 I G.8275.2 HI4HEN 25
FERRIR IR

English Document: SNAA365
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn/product/cn/LMK5C33216A
https://www.ti.com.cn/product/cn/LMK5C33216AS1
https://www.itu.int/rec/T-REC-G.8275.1/en
https://www.itu.int/rec/T-REC-G.8275.1/en
https://www.itu.int/rec/T-REC-G.8275.2/en
https://www.itu.int/rec/T-REC-G.8275.2/en
https://www.terasic.com.tw/cgi-bin/page/archive.pl?Language=English&CategoryNo=228&No=1133
https://www.ti.com/tool/TICSPRO-SW
https://www.itu.int/rec/T-REC-G.8273.2/en
https://www.itu.int/rec/T-REC-G.8273.2/en
https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCAE48
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCAE48&partnum=
https://www.ti.com/lit/pdf/SNAA365

ERFRNRREH
THERHFREEEARNTEMELE (8FRER ) . RUTAR (8F2E)1) . MARHEMRTTEN, METE, R22EEMEMER ,
FRIEXAREETREEMATRERNER , SFETR T EH Y., EREARFENER SR FRIBEME =5 MR=RNHERIE
XEFRAEER T @B RITORETRAREA, SFBTREUTE2HRE : (1) HNENNARFESEN TIF R, (2) ®it. B
EHMREHNEA |, (3) BRENNABRZEMMEUAREAEMIERZS, FERE, KERHMER,
XLEFRRMELE  BFZTEH, TI BRENTRXLERRATHARETFEARN TI ~ROMA, FPENXERRHTHBEFHRER.
BEREAEMEM TI DIRFRNBEFAE=F DR, ENEFBRZREXERFNEATY TI REARERNDEARE, B/E, K
K, HENKES , T HEBEFAR.
THRENTRZ T HEERRR ticom LEMBARAZRT FREMHEMEAZTOHIR. T REXERRATLT RIUARMESNER
THEX TIFREARHERNERIIBRETFH.
Tl 33 H B BT RER M E M H AR T RS & .

BRZF it : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024 , EMN{XES (TI) 7]


https://www.ti.com.cn/zh-cn/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	内容
	商标
	1 硬件架构
	1.1 时钟方案
	1.2 FPGA 设计

	2 syn1588® 同步算法
	2.1 PTP 计时时钟调整算法

	3 测试设置
	3.1 FMC 适配器板
	3.2 合规性测试设置
	3.3 电信规范 G.8275.1 合规性测试 - 全时序支持
	3.3.1 传输特性
	3.3.2 绝对时间误差
	3.3.3 锁定时间

	3.4 电信规范 G.8275.2 合规性测试 - 部分时序支持
	3.5 电信规范 G.8262.1 合规性测试 - SyncE 瞬态

	4 PTP 系统应用
	5 其他开发
	6 结语
	7 参考资料



