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B 1 Introduction

1.1 Document introduction

This document describes design, debug and test notes of RGMII interface, with the help of this document,
customers can quickly complete the design and analysis of the problems in the debug and test.

Only SIM8200 and SIM8800 Series modules support RGMII interface, SIM8260X/SIM8360X/SIM8380X
Series modules could be extended the RGMII interface through the PCIE Switch chip, such as QPS615.

1.2 5G module Models illustrate

The 5G modules include many models, the model definition consists of these parts: module type,
application scenario, processor platform, size of package, regional version and package type, for more
details please reference figure below.

SIM 8262A-M2

8: 5G module
“-M2” marked: M2 package
“-M2” not marked: LGA package
2: Subb
3: Subb and mmwW
8: Subb and CV2X
0: SDX55
6: SDX62
8: SDX65
C: China
0: LGApackage / M.2(30*52mm) A: America
2: M.2(30*42mm) E: Europe
G: Global

Figure 1: SIMCom 5G Module Model illustrate

www.simcom.com 6/23
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B 2 Schematic NOTE

2.1 Note the bus signals connect direction and the reserved resistors and

capacitors location

The RGMII interfaces TX bus signals of modules include TX_CLK, TX_CTL and TX_0-3 are the data
transmit side, they are the data output for 5G modules. The RGMII interfaces RX bus signals of modules
include RX_CLK, RX_CTL and RX_0-3 are the data receive side, they are the data input for 5G modules.

Note the TX and RX signals connect direction. The TX signals of modules should connect to RX signals of
IC selected by customers, and the RX signals of modules should connect to TX signals of IC selected by
customers. Customers should read the datasheet and reference design carefully to make sure the data
direction of RGMII signals.

Customer should reserve 22R resistors on RGMII signals, the resistors should place near the data output
side as close as possible. TX_CLK and RX_CLK signals also should reserve a capacitor in parallel to GND
for each, the reserved capacitors should be placed near the data input side as close as possible. The
capacitor was used to improve the signals quality of TX_CLK and RX_CLK by adjusting the capacitance
when the waveform of TX_CLK or RX_CLK is not good.

The follow figure shows the module connected to RTL8211F PHY used RGMII interface.

— H

YYVYVYYY

RGMII_TX_CLK 22R

RGMII_TX_CTL 22R

RGMII_TX_O 22R
I~ 59r |

RGMII_TX_1 22R
RGMII_TX_2 22R
RGMII_TX_3 22R

TXCLK
TXCTL

@0

™1 INPUT
™2

™3

RGMII

—H

RXCLK
RXCTL

RGMII_RXCLK
RGMII_RXCTL
RGMII_RX_0O
RGMII_RX_1
RGMII_RX_2
RGMII_RX_3

RX0

- OUTPUT

RX2
RX3

AAAAAA

VDD_EXT

MODULE RTL8211F

MDC
MDIO

MDC

i | LEVEL SHIFT
e CIRCUIT

< -
INT [ INT

Yvy

Yvy

REST

PWR_EN

A4

RGMII_PWR_EN

Figure 2: The TX bus and RX bus connect direction of RGMI|I
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2.2 Note the RGMIl signals voltage domain

In order to ensure the consistency of voltage domain, the modules voltage domain of RGMII signals has
fixed to 1.8V, customer should make sure the voltage domain of PHY is set to 1.8V through configuration
pin or register.

2.3 Note the Level shift chip on the RGMIl management signals

The RGMII management signals include MDIO, MDC, RESET and INT.

For LGA modules, if the management signals voltage domain of PHY is 1.8V, customers not need to add
level shift chip in design. If the management signals voltage domain of is other voltage domain such as 3.3V,
customers need to add level shift chip.

The RGMII signals of MDIO, RESET and INT need to add pull up 4.7KR resistors. It is recommended to

reserve pull-up 4.7KR resistors at both side of the level shift chip. The recommended level shift circuit
shows as follow figure.

[r6] VDD_IvE

voDH  [27]
£ g 2 £ &
e " LI
z £ g | 3| 8 2| 8
1 OE xg e}
{11]] RGMII_MD_CLK gé ] g§ x i AL Bt i; ’»']1[[;)(1:0 &
(151 pavn REser N TR o i 32 E 4 owe s 7]
.7 RGMIL_INT_N R |— R %% Y S5 ne BE 'Y T 71
ﬁ IC_SHFTR_ETA4EE4Q20
Figure 3: Level shift chip circuit example
The normal waveform before and after level shift chip as shown in the following figure.
@me CBR  man  Rax  #as hem Mmr mak oo Y §omm O3 CER  MEN FNs HaK hmE  MAE  maN oo 0 g g
i &
MDC 1 MDC 1
MO0 e S | v
=
1.8V voltage domain I 3.3V voltage domain .
E v E oo v L0 ne o i -, o - v L3 i aoc &
WL DO 20O tx 20 A2k 100w ER 4wy 18238 am 2w Zoow X soow fox  soow M N0OusY B 130 tmsesh
M 200V o 000K TOM 200V TN 4000 iokpts 1DoSSvs M TME mmaay G0N 400V OO TOM SO0V BOM 00V sackpts 1ooosws R TR onem

Figure 4: The normal waveform of RGMII management signals (1.8V and 3.3V voltage domain)
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Note the OE pin of level shift chip, if customer want use the internal pull-up resistors of level shift chip. The
OE pin of level shift chip may high active or low active. When customer selected the level shift chip which
the OE pin is high active, if the VCCA is not power on, the OE pin is low, the level shift chip can’t be enable
and the internal pulled up resistors internal of level shift chip will can’t work.

Customer should avoid to select the level shift chip which the OE pin is low active.
The signals of MDC and MDIO are used to configure and manage the PHY. They are used to configure the
operating mode and obtain the status information of the PHY chip. Customers can configure the operating

mode of the PHY by configuring the register.

Generally, when there is no data transfer, the MDC is low level and the MDIO is high level because the pull
up resistor. The follow figure shows the normal waveform of MDC and MDIO.

SIGLENT

& thee [ b M R# ot >3 H [ iR Ll & A7 e B s
A 4
. - -
wee
Cw L
MDIO "
s S e o S P o -
=
Ch. T -
s1/Rx
== -1 .50us
[y 2.10000V k] 496.1ns Hisk 2.0155MHz 10-90%_EFatia 5.0ns
90-10%TFHBIE  7.3ns B/ME 16.67m\V S 2.11667V ety 50.114%
T4 49.886%
EEl oo cv [El ocom IEE  oowm E B 10bits # 20 S
10X 200w 2.00v/ 10X 2.00v/ 10X 2.00v/ -—{—-- -1.60us  5.00us/div {21E 147V 122317
100M 400V 1000 000V T00M 200V 100M  -6.00V 1.00Mpts 1.00GSa/s ifiH: EHE 202211710

Figure 5: The normal waveform of MDC and MDIO

The RESET signal is used for reset the PHY, active low, the RESET signal has a process of pulling down
and then pulling up when initializing the PHY.

/ Reset action
- T~
// N

’ \

f \ [

RESET / \ J
\ /

\\ ’/

Figure 6: The normal waveform of RESET

The INT signal is an interrupt signal to module, it is an input signal, active low. It is high level when there is
no interrupt event occurred. When there is an interrupt event occurred, the INT signal will be pull down and
then pull up.

www.simcom.com 9/23
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INT

Figure 7: The normal waveform of INT signal when interrupt happened

2.3.1 CASE1: The level shift chip model error

In some design, management signals need level shift circuit, but the level shift chip has different types, one
of them is designed to capacitive loads, this type level shift chip can’t be used to open-drain driver circuit.

Pull-Up or Pull-Down Resistors on /O Lines
The SGM4564 is designed to drive capacitive loads of
up to 70pF. The output drivers of the SGM4564 have
low DC drive strength. If pull-up or pull-down resistors
are connected externally to the data 1/Os, their values
must be kept higher than 50kQ to ensure that they do

Figure 1. Architecture of SGM4564 /O Cell not contend with the output drivers of the SGM4564.
Input Driver Requirements For the same reason, the SG%Vl4554 should not be used
Typical Iy vs. V| characteristics of the SGM4564 are  |in applications such as I°C or 1-wire where an
shown in Figure 2. For proper operation, the device open-drain driver is connected on the bidirectional data

driving the data 1/Os of the SGM4564 must have drive | /O.
strength of at least +2mA.

Figure 8: The level shift chip model error

As follow figure shows, if used the level shift chip which is capacitive loads, the pink waveform is the 1.8v
voltage domain, the yellow waveform is the 3.3v voltage domain, the yellow waveform has distorted, and
communication between the modules and PHY cannot be completed.

S SD =,
[L SIGI €ENT SPs2074X Plus T Tt

Digital Storage O

Figure 9: The level shift chip model error caused the waveform distorted
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Bl 3 PCBNOTE

3.1 Note the impedance of RGMII signals

The TX bus and RX bus RGMII signals include TX_CLK, TX_CTL, TX_0-3, RX_CLK, RX_CTL, RX_0-3
traces must control 50 ohm differential impedance. According to the stacked structure of the board,
customers should calculate the impedance through the Polar Si9000 or other software.

The follow figure shows the impedance of RGMII signals calculation with Si9000.

B Polar $i9000 PCE Transmission Line Field Solver - [DA\Program Files (x86)\Polar\Sion0: <ig] - o b3
File Edit Configure Help
—_— - Parameter Entry U
= | | = pag F=d BAAE
s L | R —
¥ e B ~ Tolerance  Minimum  Maximum
Ena{t;elﬁpfs.nfalanal Substrate 1 Height H1 26299 +- 0.0000 26299 26299 Calculate
Substrate 1 Dislectric Ert 41000 +- [ 00000 [ 41000 [ 41000 Calculate
Lower Trace ‘width w1 42249 +- [ oooo0 [ 42244 [ 42244
. Upper Trace \Width w2 32244 +~ [ 00000 | 32244 [ 32244 Coloulate
Coated Coplanar
Strips With Low Ground Stip Separation o1 35370+~ [ 00000 [ 39370 | 35370 Celoulate |
Trace Thickness ] 0000 +~ | 00000 0E000 [ 08000 Calcuate
E Coating Above Substiate  C1 [ 4016+~ | 00000 | 04076 | 04076
T Coating Above Trace =2 04016 +~ [ 00000 [ 04mie [ 0amE
St with Low, Coating Dielectric CEr [ 4o0o0 +/- | ooooo | 46000 | 40000
ﬁ Notes Impedance Zo 50.01 50.01 50.01
[Add your commerts here Intsitace Style
Coated Coplanar Lt e More.
Waveguidz 18
& Estended
— | G.5. Convergence
= & Fine (Slower]
Coated Coplanar
Cose Lol © Coarse (Faster]
Coated Caplanar
‘waveguide Wi...
Coated Caplanar
\waveguide Wi...
v Lossless Catculation I Frequency Dependent Catculaton ]
Costed Coplanar Single-Ended Stuctures g |

Figure 10: The calculation results of impedance

Impedance mismatch will produce reflections, and the reflection will cause overshoot, ringing, and jitter, and
it will cause the slope of rising edge or falling edge to become slowly. The follow figure shows the
impedance mismatch caused overshoot and ringing.

without with
e impendance impendance
overshoot mismatch mismatch

Figure 11: Impedance mismatch caused overshoot and ringing
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3.2 Note the length of RGMII signals in PCB

For most PHY, the mismatch between the lengths of the TX CLK to TX_CTL, TX 0-3 and RX_CLK to
RX_CTL, RX_0-3 signals should be less than 5mm. Different PHY has different mismatch length and total
length require, please refer to the datasheet and PCB layout guidelines to make sure the mismatch length
and total length. Maximum PCB trace length cannot exceed 100mm out of the module, the shorter trace the

better.

The follow figure shows the mismatch length and the total length.

RGMII signals LIZTX CLK o7 RX CLK

L2:TX 0-3 or RX 0-3
\ L3:TX _CTL or RX CTL

[L1-12,L1-L3| <5mm
Planar graph of PCB L1,L2,13<X100mm

Figure 12: The total length and the mismatch of RGMII

3.3 Note the gap of RGMII signals trace

The gap between TX bus and RX bus of RGMII signals trace keeps no less than 2xline width. Gap
RX-to-TX keeps no less than 2xline width. Gap to other signals keeps no less than 3xline width.

The follow figure shows the space between TX and RX and between TX and other signals on cutaway view
of PCB.

m “
" .

)(—W9( BZXH; w% >3xH;

. > 7
Cutaway view of PCB;<_/2XV"

GND

Figure 13: The gap between RGMII signals trace
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3.3.1 CASE1: The gap of RGMII signals trace is to small

The follow figure shows the gap between TX CLK and TX CTL, TX CLK and TX 0. The trace width of
TX_CLK is about 0.1mm, the gap between TX CLK and TX_CTL is about 0.08mm, the gap between
TX _CLK and TX 0 is about 0.07mm. The gap between TX _CLK and TX_CTL and the gap between
TX_CLK and TX_0 are less than 0.2mm (2X TX_CLK width).

b* - PADS Layout = x
Ak o= Q BES FO | B

PeIsE: 8536658
EEC): O Ripme R
RE.1-U4 B51 | L fRapeenpigiou

Layout #138 i
o

SR
FEEERE 0 e e
EREERE: 751037 SH/SHmeiEm 007
2 BE 0127
sk o
BEEE 05 W)
PEAEN: 7

FEAFEFRD):  0.038

S
E=

Cl e =R
FeiFRIETLE PR S

EAY BH

WeE

Figure 14: The gap between TX_CLK and other signals not keep 2xline with

3.3.2 CASE2: The TX_CLK signal is not good caused the PHY can’t work
Customer used QCA8337 PHY, but the QCA 8337 cannot communicate with module either in 100M mode

and 1000M mode, measure the TX_CLK waveform of QCA8337 in 100M mode, as follow figure shows the
waveform of TX_CLK is not good.

SIGLENT  Trigd

s Te x 4
£ e =N 25 M REE ™ 4 an [ R M B¢ ST e T B i
7
TX CLK
&
33mV e ¢ 33mv 31.77mV

Bl oo BfE -7 c10C ¥ &
10X 100V 10 1.00v/ 250ns 50.0ns/div E3h 783mv 1410143
350M 000V -2.00V 500pts 1.00GSa/s Wi EFiE 2022112427

Figure 15: The waveform of TX_CLK is not good
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By adjust the capacitance value between the TX_CLK and GND such as 15pF, then the waveform of
TX _CLK became normal, and the communication between module and PHY can be completed in 100M

mode and 1000M mode.

The follow figure shows the waveform of TX_CLK after adjust the capacitance value between the TX_CLK
and GND.

G  DER MRN  MER HrE LNER  MEE  RAK it R
4 v

-{p\ﬁf k/r\ﬂuﬂ J ﬁ\J/\ﬂJ ﬁ\ﬂwﬂ\f : IAVAVAVAVAVAY (vavAVAVAVAY,

TX CLK in 100M mode TX CLK in 1b00M mode

e EE P - L 33mv o 31.70mv ov i - L7 o P
aoc ¢ &

8e7mV 150403

g 202212727

g5@ ¢
E5E
g
sbs

583

oo
o
o

.00v/
2000

Y

100ns/div.
100GSals.

|
|

R

ENE

500ns/div.
1.0065a/s

Figure 16: The waveform of TX_CLK became normal

3.4 Note the TX bus and RX bus RGMII signals surround by GND

The RGMII signals should be routed on the inner layer as much as possible, be isolated with GND with solid

ground.

The TX_CLK, RX_CLK, TX_CTL and RX_CTL should surround by GND alone, and the TX_0-3 bus and
RX_0-3 bus should be surround by GND in a group. The follow figure shows the TX bus signals were
surrounded by GND, the RX bus signals are the same as the TX bus signals.

Planar graph of PCB

Cutaway view of PCB

Figure 17: RGMII signals surround by GND
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3.4.1 CASE1: The RGMII signals trace was surrounded by GND incomplete

The RGMII signals trace was surrounded by GND not enough. As follow figure shows, the RGMII trace has
two questions:

e The TX _CLK and RX_CLK was not be surround by GND alone.
e The TX 0-3 bus and RX_0-3 bus signals was not be surround by GND in a group alone.

U100

Figure 18: RGMII surrounded by GND incomplete

3.5 Note the layout of the RGMII signals avoid forks

The chip customer selected which has configuration function in TX bus or RX bus signals, pay attention to
the resistors and capacitors in the TX bus or RX bus trace.

If the resistors and capacitors especially in the TX_CLK and RX_CLK were placed to the wrong location,
the layout between modules and PHY may caused stub, stubs has a large impact on impedance and can

cause signal reflection and overshoot, so customers should usually avoid stubs when designing.

The follow figure shows the RGMII layout comparison of recommend and avoid, customer can layout as the
recommend shows.

www.simcom.com 15/23
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RX1 _R1

R2 R3

R3
R2_R3
RX1 _RI

Recommend

Figure 19: RGMII signals layout avoid forks
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4.1 Note the PHY communication type selection pin

Some PHY has fixed management interface such as MDIO, but some other PHY may have a variety of
communication type that can be flexibly selected, such as UART, I°C, MDIO or SPI, this types can be
selected by configuration pin when the PHY in power-on-strapping status.

When the PHY id can’t be recognized, customers should check the communication type selection pin, make

sure the pull up or down resistors are

right.

The follow figure shows the QCA8337 PHY chip was set communication type by B43 pin, as the follow
schematic shows it was pulled up to 2.7V, so as the follow datasheet shows the communication type is

MDC/MDIO.

MDIO_EN (D:1)

DVDD_2_7V_S17

R17
10K

Pin:B43

R49
10K/NI

0=UART interface
1=MDC/MDIO interface

Pin name DR-QFN  |Power-on configuration Description
RXD0 0 ABS SPI_EN 0 = Mo EEPROM connected
1 = EEPROM connected
RXD1_0 B48 SPI_SIZE 0=1K
1=4Kor 2K
RXD2_0 B49 LED_OPEN_EN 0 = Driver
1 = Open drain
RXD3_0 ABT CABLE_DIAG 0 = Disable power-on cable diagnostic
1 = Enable power-on cable diagnostic
SPI_DO B43 MDIO_EN 0 = UART interface
1 = MDC/MDIO interface

Figure 20: The QCA8337 PHY communication type select

The follow figures show the QEP8121 PHY chip was set communication type by pin 26, 27and 45, as the
follow schematic shows the three pin were pulled down to GND, so as the follow datasheet shows the

communication type is MDIO.

l c218

15PF

s0v

=
J_ c215

—_ 15PF ypqq
50V

Jrn?

U202

-

35 |ReseTn

[1] QCAB081_RESET_N >,
TP201

5%4.7KF
R205 | 9%4.7KRO——

RTC_REFCLK

MODE2 P71 k125 _Tot

207 SRETKR o pigh fif Crystal 50
L1 20

=

XTL_SEL
(121 qcasos1_tpsv! i
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. Default
Pin Power-on _— '
h Description internal weak
number strapping name pull up/down
Management interface
26 MODE1 MODE[3:1] are latched to select PHY management Pull down
interface.
27 MODE2 Pull down
= 000 = MDIO
45 MODE3 . 001 = 12C Pull down

Figure 21: The QEP8121 PHY communication type select

Note the communication type between module and PHY is MDIO, other communication type is now
support.

4.2 Note the PHY address configuration pin

Some PHY addresses are configured with one or more pins, the PHY address is determined when the PHY
in power-on-strapping status.

When the PHY address was be recognized wrong, customers should check the PHY address configuration
pin, make sure the pull up or down resistors are on the right location.

Customer can reserve the pull up or down resistors when design the schematic, so that it can be adjusted
flexibly according to the debugging.

The follow figures show the QEP8121 PHY address was configured by pin 29, 48 and 49, as the follow
schematic shows the three pin were pulled up to 1.8V, as the follow datasheet shows the PHY address is
28.

LED_2

0 = link up
1 = link down
T_cpro_Too |3t o P 72 QCA_LEDZ3)P/DOWN TRy
3 :
c_cLko_pTp 22 SESHODE kels fi [1,2]
NC
R214 4.7KR R220
xtLo (2 i N T I <]
VENT TRG_O 26 QCA_MODE1 : z;: — :ZKR
29 »
TOD_ouT QCA_PHY_AD4 I R223 4.7KR I
46 R22% l:l 4.7KR ?
PPS_OUT S
QCA_PHY_AD2 0=25Glinkup  1=2.5G link down
LED_0 Zg e - - ;g;g >> QCA_LEDO_2.5G Bl
LED 1 _PHY 0=1Glinkup 1=16linkdown OR 5% Qca LED1 16 131
i Default
Pin Power-on o "
& Description internal weak
number strapping name pull up/down
MDIO PHY address
29 PHYAD4 PHYADI[4:2] are determined by power-on strapping Pull down
configuration. PHYAD[1:0] are fixed: 00 for PHY core,
49 PHYAD3 and 01 for SerDes. Pull down
48 PHYAD2 Pull down

Figure 22: The QEP8121 PHY address configuration
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4.3 Note the PHY internal power supply

Some PHY chip supply one or more power supply output, this power supply was used for RGMII 1O or core
supply, customer should note the internal power supply configuration pin, make sure the power supply
whether it's internal or external.

Whether used internal or external power supply, customer should make sure the voltage domain of RGMII
signals is 1.8V, and should reserve the external DCDC or LDO power supply circuit.

The follow figure shows the power supply selection of RTL8211F PHY, as the follow schematic and
datasheet show the LEDO/CFG_EXT pin was pulled up to GND, so the RTL8211F PHY used the internal
LDO, the voltage domain of RGMII was set by LED2/CFG_LDO1 pin and LED1/CFG_LDOQO pin,
LED2/CFG_LDO1 pin was pulled up to 3.3V and LED1/CFG_LDOQO pin was pulled down to GND, so the
voltage domain of RGMIl is 1.8V.

p—1ovoD33 [3]

& RGMII Power Soruce | CFG_EXT | CFG_LDO[1:0]
&
= &é External 3.3V 11 2500
External 2.5V b1 2001
o ﬁ Internal 1.8V IO Voltage External 1.8V 1b1 2'510
“ “ > LED2/CFG_LDO1 [3]
> LEDI/CFG_LDOOL2] External 1.5V 1b1 211
g g—D LEDO/CFG_EXT [3]
5 ';i Internal 2.5V 1'b0 2'b01
U :| Internal 1.8V(choose) 1b0 2b10
a A\ g Internal 1.5V b0 3p11
& o
4 | o«

k—1

Pin No. Pin Name Type | Description
32 CFG_EXT O/LI/PD | I/O Pad External Power Source Mode Configuration.
Pull up to use the external power source for the I/O pad.
Pull down to use the integrated LDO to transform the desired voltage for the I/O

pad.
33 CFG_LDO0 | O/LI/PU | CFG_LDO[1:0]:
34 CFG LDO! | o/LyPD | LDO Output Voltage Selection for the RGMII I/O Pad/

External Power Source Voltage Selection for the RGMII I/0 Pad.

‘When pulling down CFG_EXT pin, CFG_LDOJ[1:0] represent LDO output
voltage setting for 10 pad:

2°b00: Reserved

2’b01: 2.5V
2°b10: 1.8V
2’bl1: L5V

When pulling up CFG_EXT pin, CFG_LDO[1:0] stand for input voltage
selection of the external power for 10 pad:

2°b00: 3.3V

2'b01: 2.5V

2°bl10: 1.8V

2'bll: 1.5V

Figure 23: The RTL8211F PHY internal power supply select
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4.3.1 CASE1: The ripple of power supply too large caused RGMII can’t work normally

Customer has a problem that the downstream rate of RTL8211F is normally, but upstream rate is
abnormally, the upstream rate is only 0.02Mbps. When in debugging, customer find the waveform of
RX_CLK is abnormality, the follow figure shows the abnormally upstream rate and waveform of RX_CLK.

Y 24000MH: b
| &V 80.0mV

ooy Mo )
Zﬂ)}*oiﬂ‘lﬁﬂ 08:56_

Figure 24: The upstream rate and the waveform of RX_CLK abnormally

Finally, it was found that the ripple of RGMII IO power supply is too large, it caused the waveform of
RX_CLK and the upstream rate abnormally. As the follow schematic shows ,the RGMII voltage domain of
RTL8211F was set to use internal LDO, but the resistor R376 was not assembled on the PCB, so the LDO
power out pin DVDD_RG can’t be connected to filter capacitors C316 and C317, so the ripple of RGMII 10
power supply is too large.

Jr—R358 49K 1%
il
Zlola
U302 R

O TP_CLKOUT_25M

LEDZ/CFG LDO, ]
[EBY/EEEEES
3 R?ﬁz_‘f:f“'” ApvoD33L3]
5 d

28
327
1

=
= e . KR vpp_EXT[1,2,3]
) = =
NE gnﬁaé‘jéaamg INTB[3]
BRSO E e
2 E2gkcpeig 1.8V
5 332= R36 oR
3 ggfg 22pf
_ oo 0
i < 0 L301
[4]MDIPO O——3~{MDIPO = REG_OUT/LDO_OUT 37 5
[4]MDIND O—5 MDINO DVDD33 S|IR = H-CIpvpp33a] 2,281
F{AvDD10 DVDD_RG |57 ~|»{| DVDD_RG[3]
4MpIP1 O—5—{MDIP1 RXC/PHYADL RGMII_RXCLK/PHYAD 11,3
5 s
4MDIN1 O—2—{MDIN1 RXCTL/PHYAD2 £ R —RGMII_RXCTL/PHYADZ1,3 100NF €306
6 R
[4MDIP2 O———MDIPZ RXDO/RXDLY R3a3 R O RGMIT_RXO/RXDLY[1,3] C305 ‘}-D7VUF
[4IMDIN2 C—F-MDIN2 RXD1/TXDLY T R ) RGMI_RX1/TXDLY[1,3]
5-{AvDD10 RXD2/PLLOFF i R RGMIL_RQ/PLLOFAL3] |
[4MDIP3 D— 7 MDIP3 RXD3/PHYADO 8 CIRGMII_RX3/PHYADO[1,3] L 4
[4MDIN3 O——— MDIN3 DVDD10 < DVDD10[3] = -
€31l " .
100NF e — 100NF RTLB211F just support switch [
22 cmamop T €307 R305 R366 be used to RTL821
J £z858888%y
ZEEERFEREE
I Tzl o
o————
[3] AvDD33 i
EEEE
1,2,3VDD_EXT B 47K o
R307 R
R361, 4.7KR [L,2pp_t1vso— R
[31ovoD33———] e | & R308
[3] piiyRSTR L B 1.8v[1,2,3VDD_EXTO—208 10R
[31MDC [1,2lvDD_. ZVSDEW 18V
[31DVDD_RG LSES e oo [2]ovoDas DEE——T—D DVDD_RG(3]
pBmoioo—m8m | .’SIE“—‘E‘gg
Hooe g L — L
CoEgzE 4.7UF
EEELEE c316
STEETE @
SEAnEe !
= T t

=

Figure 25: The schematic of RGMII 10 power supply
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The follow figure shows the ripple of RGMII IO power supply before connect the filter capacitor C316 and
C317. The power of RGMII 10 is 1.8V, but the ripple is 680mV, it is too large for RTL8211F.

[ w TBS 1202B Digital Oscilloscope

Figure 26: The ripple of RGMII 10 power supply before connect the filter capacitor

When the resistor R376 was assembled on the PCB, the filter capacitor C316 and C317 were connected to
the RGMII 1O power supply, so the ripple of RGMII 10 power supply and the waveform of RX_CLK became
normally.

[

Figure 27: The ripple of RGMII 10 power supply and the RX_CLK became normally

When repeating test the upstream rate, it is normally.

www.simcom.com 21/23



*ee®
s
e

&Com SIMCom 5G Series Module RGMII USE NOTE V1.00

a SUISEA ADTcompany

4.4 Note the delay configuration pin

In RGMII mode, especially at 1000Mbps, the clock frequency is 125MHz, the data is sampled on the rising
and falling edges of the TX_CLK or RX_CLK. Ideally, the rising or falling edge of the TX_CLK or RX_CLK
would be right in the middle of the TX_ 0-3 level or RX_0-3, but there is a delay between the signal line and
the clock line.

As the follow figure shows, the rising or falling edge of the TX_CLK was right in the middle of the TX_ 0-3
level at transmitter, but there is a delay between TX_CLK and TX_0-3 at receiver.

mor_ X XXX

(at transmitter)

mes XX XX

(at receiver)

Figure 28: TX_CLK and TX_0-3 skew at transmitter and receiver

At receiver, if the rising edge and falling edge of TX_CLK cannot align with the middle of TX_0-3, at the time
of TX_0-3 switching, so that the bit of data which was read is not right, and even a bit error will lead to
abnormal communication.

Therefore, the receiver end cannot sample stably without additional processing. To solve this problem, a
common practice is to add a delay to the clock signal so that its edge is aligned with the stability interval of
the data bus. There are three ways to adjust the delay:

1. Delay between TX 0-3 and TX_CLK at the sender ;
2. Delay of TX _0-3 and TX_CLK caused by PCB trace ;
3. Delay between TX_0-3 and TX_CLK at the receiver ;
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Module i Ethernet PHY

e clik Trace delay
W TX clk delay

MAC
-« | wxalcaelsy B

PCB Traces

PHY

Figure 29: Clock skew stages in the RGMII interface

For the first way, the module has fixed the delay of TX_CLK and RX_CLK, the delay can’t be changed.
For the second way, the PCB traces were equal length, so there is no delay.

For the third way, the TX_CLK and RX_CLK could be set by register or configure pins, this is the main way
to debug delay.

Customer should control the delay between TX_CLK and TX_0-3, so that when TX_CLK and TX_0-3 arrive
at the receiver, the rising edge and falling edge of TX_CLK are in the middle of TX_ 0-3.

The delay can be set through the register from MDIO interface, or the chip special function pin to configure

it in delay mode. The follow figure show the RTL8211F PHY delay configuration from configuration pin and
register.

[1,3RGMII_RX2/PLLOFF < }———

R319—1.7KR R21
L 1
il 317 IRR i Jpvbp_RG [3]
R313—1.7KR R3T
| I |

[1,3]RGMII_RXO/RXDLY <}——
[1,3]RGMII_RX1/TXDLY TF——

RGMII_RXD1/TXDLY and RGMII_RXD0/RXDLY
Pull-up for additional 2ns delay to TXC/RXC for data latching.

Pin No. Pin Name Type | Description
24 TXDLY O/LI/PD | RGMII Transmit Clock Timing Control.
Pull up to enable PHY internal TXC delay.
25 RXDLY O/LI/PU | RGMII Receiver Clock Timing Control.
Pull up to add 2ns delay to RXC for RXD latching.

Figure 30: The RGMII delay configuration from configuration pin

Bits | R/IW | Initial value Mnemonic Description

25 |RW 0 MACO_RGMII_TXCLK_DELAY_EN |1 = RGMI interface TXCLK (input from
CPU) is delayed

Delay value depends on bits[23:22].

24 |RIW 0 Reserved
23:22 |RIW 0 MACO_RGMII_TXCLK_DELAY_SEL |Control the delay value of RGMII
interface TXCLK.
11 = Maximum delay
21:20 | RIW 0 MACO_RGMII_RXCLK_DELAY_SEL |Control the delay value of RGMII

interface RXCLK.
11 = Maximum delay

Figure 31: The RGMII delay configuration from register
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