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Chrontel Application Notes

PCB Layout and Design Considerations for the CH7301C DVI Output Device

1. Introduction

This application note focuses on basic PCB layout and design guidelines for the CH7301C DVI Output Device. Guidelines in
component placement, power supply decoupling, grounding, input signal interface and video components for DVI link
implementation, are discussed in this document. The guidelines discussed here are intended to optimize the PCB layout and
applications for this product. They are only for reference. Designers are urged to implement the configurations and evaluate
the performance of the system prior to bringing the design to production.

The discussion and figures that follow reflect and describe connections based on the 64-pin LQFP package of CH7301C.
Please refer to CH7301C data sheet for the details of the pin assignments.

2. Component Placement and Design Considerations

Components associated with the CH7301C DVI transmitter should be placed as close as possible to the respective pins. The
following discussion will describe guidelines on how to connect critical pins, as well as describe the guidelines for the
placement and layout of components associated with these pins.

2.1 Power Supply Decoupling

The optimum power supply decoupling is accomplished by placing a 0.1uF ceramic capacitor to each of the power supply
pins as shown in Figure 1. These capacitors (C7, C8, C9, C11, C12, C14, C17) should be connected as close as possible to
their respective power and ground pins using short and wide traces to minimize lead inductance. Whenever possible, a
physical connecting trace should connect the ground pins of the decoupling capacitors to the CH7301C ground pins, in
addition to ground vias.

2.1.1 Ground Pins

The analog and digital grounds of the CH7301C should connect to a common ground plane to provide a low impedance
return path for the supply currents. Whenever possible, each of the CH7301C ground pins should connect directly to its
respective decoupling capacitor ground lead, then connect the ground plane through a ground via. Short and wide traces
should be used to minimize the lead inductance. See Table 1 for the ground pins assignment.

2.1.2 Power Supply Pins

Separate digital (including the I/O supply voltage DVDDV), DVI, Analog, and DAC power planes are recommended.
See Table 1 for the Power supply pins assignment.

Table 1: Power Supply Pins Assignment in CH7301C

Pin # # of Pins | Type Symbol Description

1,12,49 3 Power DVDD Digital Supply Voltage 3.3V)
6,11, 64 3 Power DGND Digital Ground

45 1 Power DVDDV | I/O Supply Voltage (1.1V t0 3.3V)
23,29 2 Power TVDD DVI Transmitter Supply Voltage (3.3V)
20, 26, 32 3 Power TGND DVI Transmitter Ground

18 1 Power AVDD PLL Supply Voltage 3.3V)
17 1 Power AGND PLL Ground

33 1 Power VDD DAC Supply Voltage 3.3V)
34, 40 2 Power GND DAC Ground
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* DVDDYV & VREF Decoupling and Connection

VREF is used as a reference level for pixel data input D[11:0], HSYNC input and VSYNC input. Please refer to
Figure 1 for optimum decoupling. In general applications, VREF is derived from DVDDYV divided by 2, i.e.,

VREF = 1/2 x DVDDV.

Therefore, in Figure 2, both resistors should have the same value (10KQ@ 1%). The decoupling capacitor is
required as shown in Figure 2. Also, the DVDDYV voltage supply should be connected to the graphics controller

I/O supply voltage.
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Figure 1: Power Supply Decoupling and Distribution

Notes: All the Ferrite Beads described in this document are recommended to have an impedance of less then 0.05Q at DC;
23Q at 25MHz & 47€Q at 100MHz. Please use Fair_Rite part# 2743019447 or an equivalent ferrite bead.
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Figure 2: ISET, VREF, DVDDV, GPIO and AS connection

2.2 General Control

e ISET pin

The ISET pin, pin 35, sets the DAC current. A 140Q resistor should be placed as close as possible to the ISET pin
using short and wide traces. Whenever possible, the ISET resistor ground pin should also be connected to pin 34.
Otherwise, the ground reference of the ISET resistor should ideally be close to the CH7301C. See Figure 2 for
design reference.

* Data Enable pin

The Data Enable pin, pin 2, is an input pin and accepts the Data Enable signal from the VGA graphics chipset.
Active video data is indicated when the VGA drives the Data Enable signal ‘high’. When the Data Enable signal is
‘low’, the video data will not be encoded and driven out of the DVI interface. The voltage levels are between OV and
DVDDYV, and the VREF signal is used as the threshold level.

e GPIO [0] & GPIO[1] pins

GPIO[1:0] are General Purpose I/O pins. To set the direction of these pins, register 1Eh, the GPIO Control Register
must be set accordingly. The GPIO[1] pin can be configured as an output for the DVI link detect signal. In this
configuration, this pin will be driven low when a termination change has been detected on the HPDET input.

* AS pin

The Address Select pin, pin 10, can be configured as shown in Figure 2. This pin determines the serial port address
of the device. If AS is pulled ‘low’, then the serial port address is 0x76h, if AS is pulled ‘high’, then the serial port
address is 0x75h.

Note: To use the Intel driver for the CH7301C, the AS pin must be pulled ‘low’.
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* Video Inputs (D[11:0])

Since the digital pixel data and the pixel clock of the CH7301C may toggle at speeds up tol65MHz (depending on
the input mode), it is critical that the connection of these video signals between the graphics controller and the
CH7301C be kept short and isolated as much as possible from the analog outputs and analog circuitry. For optimum
performance, these signals should not overlay the analog power or analog output signals. The DATA signals are
single ended high speed signals that should be routed together as a bus. It is recommended that 8 mil traces be used
in routing these signals.

2.3 Serial Port Interface

* SPD and SPC pins

SPD (pin 14) and SPC (pin 15) function as a serial interface where SPD is bi-directional data and SPC is an input
only serial clock. In the reference design, SPD and SPC are pulled up with 2.2 KQ resistors.

3.3V

R1 R2
2.2k 2.2k

CH7301C

14
SPD |75 . SPD

SPC SPC

Figure 3: Serial Port Interface

2.4 DVI Output and Control

In DVI output mode, the multiplexed input data, sync and clock signals are input to the CH7301C from the graphics
controller’s digital output port. Data will be 2X multiplexed, and the clock inputs can be 1X or 2X times the pixel rate.
For correct DVI operation, the input data format must be selected to be one of the RGB input formats.

The TDCO, TDC1, TDC2 & TLC signals are high frequency differential signals that need to be routed with special
precautions. Since the TDCO, TDC1, TDC2 & TLC signals are differential they must be routed in pairs: TDCO &
TDCO*, TDC1 & TDC1*, TDC2 & TDC2*, TLC & TLC* signals. The lengths of the 4 pair of signals must be kept as
close to the same as possible. The maximum length difference must not exceed 100 mils for any of the pairs relative to
each other. The number of bends should be kept to 4 or less and 45 degree is the maximum corner angle. These signals
should be routed on the top layer directly to the DVI connector without any vias to the bottom layer. The pin placement
of the TDCO, TDC1, TDC2 & TLC signals allows for a direct route to the DVI connector. The CH7301C is able to
drive a DVI display at a pixel rate of up to 165 MHz, supporting UXGA resolution displays. No scaling of input data is
performed on the data output to the DVI device.

In order to minimize the hazard of ESD, a set of protection diodes are highly recommended
for each DVI Output (data and clock).

International standard EN 55024:1998 establishes 4kV as the common immunity requirement for contact
discharges in electronic systems. 8kV is also established as the common immunity requirement for air discharges
in electronic systems. International standard EN 61000-4-2:1995 / IEC 1000-4-2:1995 establishes the immunity
testing and measurement techniques.

System level ESD testing to International standard EN 61000-4-2:1995 / IEC 1000-4-2:1995 has confirmed that the
proper implementation of Chrontel's recommended diode protection circuitry, using Semtech RClamp 0514M or
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Semtech RClamp 0524P diode array devices, will protect the CH7301C DVI output from DVI panel discharges of
greater than 8kV (contact) and 15kV (air). Both Semtech RClamp devices have low I/O to I/O capacitance.
(RClamp 0514M = 0.7pF typical and RClamp 0524 = 0.3pF typical). This low capacitance will allow the DVI eye
diagram to remain within specification.

System level ESD testing to International standard EN 61000-4-2:1995 / IEC 1000-4-2:1995 has also confirmed
that BAT54SLT1 diode device can protect pin 9 (HPDET) of the CH7301C from DVI panel discharges greater than
4kV (contact) and 8kV (air). It is also highly recommended to protect the DDCCLK and DDCDATA signals on the
DVI connector.

Figure 4 shows an example of the connection of the DVI output. In the figure a DVI-I Right Angle Connector is used
to interface the CH7301C DVT outputs to the monitor.
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CH7301C Reference Schematic
DVI Output

Figure 4: DVI-I Output Connection

DVI Link Detect Output (HPINT) (internal pull-up)

The GPIO[1]/HPINT pin can be used to output the DVI link detect signal (pulls low when a termination change has
been detected on the HPDET input). This is an open drain output. To configure the GPIO[1]/HPINT pin to function
as a HPINT, the GOENBI ( reg 1Eh[7] ) and HPIE2 ( reg 20h[7] ) bits of the CH7301C must be set to 1. The HPINT
function will pull low with an open drain output following a transition on the HPDET input.

DVI Data Channel (TDC[2:0] and TDC[2:0]*%)

These pins (Pins 28, 25, 22 for TDC[2:0] and Pins 27, 24, 21 for TDC[2:0]*) provide the DVI differential outputs
for data channel O (blue), channel 1(green) and channel 2 (red) (See Figure 4).
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2.5

DVI Link Clock Outputs (TLC and TLC¥*)

These pins (Pins 30, 31) provide the DVI differential clock outputs for the DVI interface corresponding to data on
the TDC[2:0] outputs (See Figure 4).

HPDET (DVI Hot Plug Detect)

This input pin (Pin 9) determines whether the DVI link is connected to a DVI monitor. When terminated, the
monitor is required to apply a voltage greater than 2.4 volts. Changes on the status of this pin will be relayed to the
graphics controller via the GPIO[1]/HPINT pin pulling low (See Figure 4).

VSWING (DVI Link Swing Control)

This pin (Pin 19) sets the swing level of the DVI outputs. A 2.4KQ resistor should be connected between this pin
and GND using short and wide traces.

Analog RGB Output

The R, G, B (pins 38, 37, 39) signals are analog video signals. These signals should not be routed together. There
should be a minimum of 12 mils spacing between each of the R, G, B signals and 20 mils spacing between them and
any digital trace.

Typically these signals should be routed in a separate analog area without any digital signal running through the
area. Corners for these traces should be at a maximum of 45 degree. 90 degree corners should not be used due to
cross coupling between adjacent traces. These traces should be kept on the top layer to minimize the use of vias on
them.

In order to minimize the hazard of ESD, it is highly recommended to use ESD protection
diodes for each of the Analog RGB signals.

In Figure 4, the input protection diodes D1 - D6 should be placed as close to the DVI connector as possible and the
series termination resistors R2-R4 should be placed as close to the CH7301C as possible. If the analog outputs of the
DVI-I connector are to be used, the ferrite beads L1-L8 should be placed as close to the DVI-I connector as possible
to reduce EMI emissions.
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3. Reference Desigh Example

The following schematics are based on an Intel 1845 / i855 / 1865 Graphics chipset design and are to be used as a
CH7301C PCB design example only. It is not a complete design. Those who are seriously doing an application design
with CH7301C and would like to have a complete reference design schematic, should contact Applications within

Chrontel, Inc.

3.1 Schematics of Reference Design Example

206-0000-068 Rev. 1.2 7/14/2014



AN-68

CHRONTEL

L80-0000-00T

OL0ELHO

i

OleWwsydg doudldsdy O L0ELHD

3

cv v

v

nowanzy mio
€10

<] 43AdOv S

> oo

! > #4INI0g
25
(ONMz'8
1y
e

o qvag_ 1
mnonLy neo NN DLOELHD T T T T T
(X5 il e Adwz Adwz
80 (onynLo (ON)nL0
o NS 33E33F A o L8 el e d o
Age UIEE el aan ONIMSA o sd v
) ) 1 raney 1381
= T T sv or ROTTOTIT = SE5IDPY 52T
T T o 090 d i
00140 [ :
woumzy | o | nvo 2] 2980k ANIGHOID 7
L %] JaNoL 2as w1002 9 (NP
9 SO 02 ST L 00z 9 (ONDe 8!
avag z1 S5 HaaAL ads (21 1vivaoal 9's )
ree { 571 oaant
3s3 o < msu s
ASH AEE
A A s
H H H
[ —— = = = e
cotrdus 3m01/3ncr =
Ey . <] 30 s
10X 10X B
moungs | mvo | mvo_| o siox [ 22 Aox B
= a
s o 00
ASE avag 11 - u 1a
2a
° ca
© &
R 1s3aL sa
A
Mgt ONASH La
8 8a
X OMSN L gdadas o
130dH<_} 51 130dH  Q5R82-8% = 0. <] lo"11la s
n

e

sano<_}

#O1L.

oL

ZoaL
#2001

1oaL

#1001

00aL
#000L.

(brears

15 savess assi

deey

s

Rev. 1.2 7/14/2014

206-0000-068



AN-68

CHRONTEL

v eaug|

¥102 ¥1 Ainp Aepuony B

L80-0000-00T

JaquinN Juswingog

ndino 1IN

o

OllEWaYdS 20UBI94eY D LOELHO

-anoqe

uMoUS ST pTGO UOSIWSS SYL ‘PSPUSWWODSIT
ATybTy ST 3Ind3Ino IAQ 8Yy3 I0F S9POTA
uoT309301d4 asd peads ybTy ‘soueitoedeo MOT

S9POTQ UO0T30e301d dSH

TSUOTSSTWS 0730UBBWOTI05TS
sseaddns 19Yy3lang pesn oq ued ITNOITO
°bpTaq 3ndino I1AQ IdG°Q PUB WYO8Y ¥

:suot3do HuTIINs IWA

T <] #00aL
3950
€20 an
150 duweioy yoowwes
eur] ON —¢ -
_ T E o
= w«—|oN gour neo
L v &0 T < 0oaL
ano 00
¢ zeur] ON Ixm <1 ou
6 z 0 4dg0
N Joury Y 120
[ L
Q
en AR
89
JAXS|
< #01L
ONASHNOW £
3NIENON £
NIFHONOW £
Q3UNOW £
e Lw ONASANON £ <1 roaL
- 3
E—— WWEQH
Z3 =
oo =
= = = onE'E 10 EVLVA f=—X
= = = 72y S0 €LaTIINS |-k v
o e £2 1 %10a713IHS y1va Hﬂ
) %82y SY1va vlva <___]#0aL
w_hm nag oo iz sviva “URSA, |6 150 dweloY yoelwes
o 02 1°G0013IHS  vivaoaa |8
- 6Ly ovLiva »100aa - A0S+ - AO'SH your] ON —x -
mw ovlva Y1V X = = - 9 S o ST
4 13adH YY1Va eS—X == %— ON gour]
so2 N5 9| Sano vedTIIHS [ b ° L ‘ v 8o T
- Sk | GOOA 2v1va aND  O0A < 20aL
= w—tby eviva 2vlva 8 € .
€L 1|0 [ 2dd [ zeun ON % 4dg0
o FIAG TNOD 3 z 0 S0
210 « N Jaury iy
L vivaoaa 9 oL b
10000 9 an A .
A0S+ 21y
{ < J#eoalL

Rev. 1.2 7/14/2014

206-0000-068



AN-68

CHRONTEL

7 5 _veeug 5002 "1 1 1031358 "REpIT o
TL L80-0000-00T a
xa — I
dOV/OAd
o
OIBWAYOS 80UBIBeH D LOELHO

(ONM2'8
[

e oo >

99V

#130/1N0d [_>

= OFE.

2

BV

(oNMz'8
ASH 6cu

T000007T0: < [p:Llar > a1 atnezea

9 >0 oaan <}

9 viva oaan

€

A
€ 3a

Yo}
Ta

£ ox<__}

£ wmINoa[_>

7a

6a

g

Je
sai

eal

\ar

#1S8 <}

—

0D338A 90334
ONASH BOAQ  ONASA HOAQ
S10aaA S'L0AaA
1a_80AQ 04 80AG
£ _60AQ 20 80AQ
ano aNo
Sa_60AQ va 80AQ
#5010 80AQ 519 80AD
S10aaA S10AAA
£d_80AQ 90 80AQ
60 60AG 80 80AQ
ano ano
110 80Aa 01a°80AA
INDITO OHOAQ 1LS/A 8OAQ
S100aN_ S10AAA
10000 W #¥NV1g 8OAQ
103130 dav ON
ano ano

oN
§i¥aoaa w $10aan
10 IAG W vivaoe W
Viva IAd W >10021 W
S100aA $10aan
ONASA_OOAQ _ N
#YNV18 OOAd  ONASH OOAD
ano aNo
1a_00Aa 00-00AG

beg— ey ¢

VLVa 02N 9'E

10702 9'€

U

HeE

oq

2a

kel

50

8

— 10X €

nio

L

L)

o
val

zal

oal

lo"ria

Rev. 1.2 7/14/2014

206-0000-068

10




AN-68

L80-0000-00T

WOH Byu00/S1
iewsyog 8oudlssdy O L0ELHD

st

s 11002 <} <o oan
00 T T«

1172002
v

§'€ 1vivaoal VIVa 0ZN S

d vIvaoe! T ] z
1172008
diez Qe €0 RO

S5 Q0sH ve O Bvi

Jvivaoel
g H1002!

nio
520

i

v >mooaa »070aan s
T z
141
1172002
B
v vivaoaa - y - vivaoaaw s
+1
1172002
o |
hez Qe w S
1vd Qo o PP
wr { oy
A
A0S+ el Q0 2
ButazT
Age

CHRONTEL

11

Rev. 1.2 7/14/2014

206-0000-068



CHRONTEL

AN-68

4. Revision History

Revision Date Section | Description
1.0 8/28/03 All First official release, Revision 1.0
1.1 9/14/09 All Updated ESD related information
1.2 7/14/14 Page5,9 | Modified the circuitry of HPDET.

12

206-0000-068

Rev. 1.2 7/14/2014



CHRONTEL AN-68

Disclaimer

This document provides technical information for the user. Chrontel reserves the right to make changes at any time with-
out notice to improve and supply the best possible product and is not responsible and does not assume any liability for
misapplication or use outside the limits specified in this document. We provide no warranty for the use of our products
and assume no liability for errors contained in this document. The customer should make sure that they have the most
recent data sheet version. Customers should take appropriate action to ensure their use of the products does not infringe
upon any patents. Chrontel, Inc. respects valid patent rights of third parties and does not infringe upon or assist others to
infringe upon such rights.

Chronte] PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN LIFE SUPPORT
SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CONSENT OF
Chrontel. Life support systems are those intended to support or sustain life and whose failure to perform when used as
directed can reasonably expect to result in personal injury or death.

Chrontel

2210 O’Toole Avenue, Suite 100,
San Jose, CA 95131-1326
Tel: (408) 383-9328
Fax: (408) 383-9338
www.chrontel.com
E-mail: sales@chrontel.com

©2014 Chrontel, Inc. All Rights Reserved.

Printed in the U.S.A.
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