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HC5503PRC SLIC and the Texas Instruments TCM38C17 Quad Combo Ao 2601

Reference Design using the HC5503PRC
SLIC and the Texas Instruments | 2Rp  2Rs |
TCM38C17 Quad Combo

The network requirements of many countries require the
analog subscriber line circuit (SLIC) to terminate the
subscriber line with an impedance for voiceband frequencies
which is complex, rather than resistive (e.g., 600Q). This
requires that the physical resistance that is situated between
the SLIC and the subscriber line, comprised of protection
and/or sensing resistors, and the output resistance of the

SLIC itself, be adapted to present an impedance to the FIGURE 1. IMPEDANCE MATCHING BLOCK DIAGRAM
subscriber line that varies with frequency. This is )
accomplished using feedback around the SLIC. Impedance MatCh’ng

Impedance matching of the HC5503PRC to the subscriber
load is important for optimization of 2 wire return loss, which
in turn cuts down on echoes in the end to end voice
communication path. It is also important for maintaining
Discussed in this application note are the following: voice signal levels on long loops. Consider the equivalent
circuit shown in Figure 1.

The purpose of this application note is to show a means of
accomplishing this task for the HC5503PRC and Texas
Instruments TCM38C17 Quad Combo.

* 2-wire 600Q2 impedance matching
The circuitry inside the dotted box is representative of the

* 2-wire complex impedance matchin
P P 9 SLIC feed and transmit amplifiers. The feed and transmit

* Receive gain (4-wire to 2-wire) and transmit gain (2-wire amplifiers pass the voice signals in the receive and transmit
to 4-wire) calculations directions respectively. Without the feedback block f(Z), the
* Transhybrid balance calculations termination resistance at Vo\y would equal the two protection

resistors (Rp) and the two sense resistors (Rg), as the feed
amplifiers present a very low output impedance to the
subscriber line. The desired termination impedance at Voyy is
Zy. The feedback block f(Zg) matches the SLICs output
impedance (Zg ) plus the two protection resistors (Rp) and
the two sense resistors (Rg) to the load (Zp).

» Reference design for 600Q 2-wire load
* Reference design for China complex 2-wire load
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HC5503PRC SLIC and the Texas
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Impedance matching of the HC5503PRC is accomplished by
making the SLIC’s impedance (Zg |c, Figure 2) equal to the
desired terminating impedance Zg, minus the value of the
protection and sense resistors. The desired impedance at the
input to the SLIC is given in Equation 1.

ZSLIC:ZO_ZXRP_2XRS (EQ. 1)

The AC loop current required to satisfy this condition is given in
Equation 2.

V1R

Aly =
L (Zp-2xRp-2xRg)

at matching (EQ. 2)

The current calculated in Equation 2 is used as feedback to
match the impedance of the SLIC and both protection and
sense resistors to the load Zg.

The output voltage of the SLIC (VTx) is defined by design and
given in Equation 3.

Viy = 4RgAlL (EQ. 3)
Substituting for Al from Equation 2 into Equation 3 results in

the voltage at the Vy output that will be used to generate the
required feedback.

4RS X VTR

Voo = (EQ. 4)
T™X " (Z,-2xRp-2xRg)

By design, VTR is equal to 2 times the voltage at the receive
input (Ry) Figure 2.

Vig =2xVgy (EQ.5)
Substituting Equation 5 into Equation 4.
4RS><2><VRX (EQ. 6)

V. =
X (Z,~2xRp-2xRg)

Solving Equation 6 for the voltage at Vgx as a function of V1yx
(when matching the Zg| |, the two protection resistors (Rp)
and the two sense resistors (Rg) to the load Zg) is given in
Equation 7.

VRex _ (2072XRp72XRS)

_nX (EQ.7)
Vix 8 x RS

Equation 7 is the gain of the feedback circuit (output/input =
VRX/VTX) used to match the impedance of the SLIC and
both protection and sense resistors. Note: In Equation 7 it
seemed logical to simplify the numerator by trying to combine Z
and the two subsequent terms together. In practice however, the
impedance of the network you want to match (Zg) cannot easily
have 2*Rp, and 2"Rg subtracted from it since the sum of these
resistors is often larger than the value of the series resistance of
the complex network.

Equation 7 is therefore rewritten in Equation 8.

Z, 72X(RP+RS)
8><RS

VRx _
Vix 8x RS

(EQ. 8)

Analysis of Equation 8 yields a 2 OpAmp feedback network.
The first term has Zg and no phase inversion. This requires the
path to flow through 2 opamps and makes the matching of
different complex loads easy. (i.e., can set Zg in feedback
network equal to the Zg you want to match). The second term
has a phase inversion and requires only one OpAmp in the
feedback path.

Figure 2 shows the circuit required to achieve matching of the
SLIC’s impedance to the load Zg. The voltage at VR is a
function of V1x, Vasx (VTxRzo1/Ra2) and V|N.

The voltage at VR is determined via superposition. The circuit
equation for the feedback network is given in Equation 9.

Ri |, V1xBzo1Rf VinRy

Vex = *VTXR_EH (EQ.9)

RaZRa3 l:{a4

For impedance matching of the two wire side, we set V| equal
to zero. This reduces Equation 9 to that shown in Equation 10.

R

VyR Rf
X"'ZO1
Vgx = -V X___;Jr—

Ra2Ra3

(EQ. 10)

To achieve the desired matching of the circuit to the line
impedance Zp, we set our design Equation 8 equal to our
circuit Equation 10. By inspection of the correct phase in
Equations 8 and 10, we have Equations 11 and 12.

Zy _ RgoqRf

8 x F{S l:{a2 RaS

(EQ. 11)

2x(RptRg) Ry (EQ. 12)
8xRg Ra1

Given: Rf = R, Ra3 = 2R, RZO1 = ZO Note: by making Ra3
= 2Rf, the value of Ra2 becomes 4RS (Equation 13). This
results in the 2-wire to 4-wire gain being equal to 1 (Equation
24 and Equation 25)

From Equation 11.

Rao = 4Rg (EQ. 13)
From Equation 12.
Rx4Rs (EQ. 14)

R,=—°
1
a Rp+Rg

Receive Gain (Vjy to Voyy)
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4-wire to 2-wire gain is equal to the Voyy divided by the input
voltage V|, reference Figure 3. The gain through the
TCM38C17 is equal to one (V|N = VPcMIN = VPWRO4)-

Vv
2W
A W_2oW= T (EQ 15)

The 2-wire voltage Voyy is determined by a loop equation and
is given in Equation 16.

_ EQ. 16
Vow= (2Rp +2Rg)Al + Vg (EQ.16)

Combining Equation 5 and Equation 9, gives an expression for
VTR in terms of VRy, as shown in Equation 17.

R VR Rf VR
_ _ i . VrxRzo1 IN
Vir = 2VRx = 2[*VTXR_a1Jr -

f} (EQ. 17)
RaZRaS F{a4

The voltage at V1R is therefore a function of V1x and V.
Note: contribution from Vggx (middle term in Equation 17) is
zero due to the transhybrid circuit, reference section titled
“Transhybrid Balance G(4-4)".

This reduces Equation 17 to Equation 18.

Ry VR
f 4 IN j

Vig = 2Vgy = —Z[VTXR— R (EQ. 18)
al a4

Substituting 4RgAl| (Equation 3) for V1 in Equation 18 and
combining this with Equation 16, results in an equation for Vo
in terms of: Al , the external resistors and the input voltage VN
(Equation 19).

Ohms law defines Al|_ as being equal to -Vow/Zg. Substituting -
Vow/Zo for Al in Equation 19 gives Equation 20.

v v N
= _ 2w 2W Tt o IN EQ. 20
Vo= —(2Rp + 2Rg) Zy +8Rg 7o A 2 R, ( )

Equation 20 can be rearranged to solve for the 4-wire to 2-wire
gain Vow/V|N, as shown in Equation 21.

(EQ. 21)
Ra1ZO

A Vow [2RfJ
= ==z X
AW-2W v Raa)  Ry1(2Rp+2Rg) + R, 1Z5-8RgR;

Given: Rj=100kQ, Rg4=200kQ, Ry1=267kQ, Zo=6000,
Rg=1000, Rp=50Q.

Note: by making Ra4 equal to 2Rf the 4-wire to 2-wire gain
becomes -1.

Transmit Gain across HC5503PRC

(Vow to V1x)

The output voltage of the SLIC (Vx) was defined in Equation
3 as being equal to 4RgAl| . Al is equal to twice the input
voltage (2VRy) divided by the total loop resistance as shown in
Figure 4. If the load impedance is 600(, then the gain across
the HC5503PRC is 2/3 the input voltage VRy. Likewise, if the
load impedance is 811Q, (next example with a complex load)
then the gain across the HC5503PRC is 400/811 times the
input voltage VRx.

Transmit Gain (Vo to Vgsx)

VR . . L L
Vo= (2RP+2RS)A|L,8RSA|L;_",2_I'§N_J (EQ. 19) 2-wire to 4-wire gain is equal to the Vggyx voltage divided by
at a4 the 2-wire voltage Voyy, reference Figure 3.
\Y
_ YGsx
Aow_aw= 3 (EQ. 22)
2w
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FIGURE 3. RECEIVE GAIN G(4-2), TRANSMIT GAIN (2-4) AND TRANSHYBRID BALANCE (FEEDBACK CIRCUIT ONLY)
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FIGURE 4. TRANSMIT GAIN ACROSS HC5503PRC (Vayy to

Vgsx is only a function of V1x and the feedback resistors Ryo
and Rzp+1 Equation 23. This is because V) is considered
ground for this analysis, thereby effectively grounding the

VpwRO- input.

R
Z01
Vv =y, 221 (EQ. 23)
GSX T™XR,,
Substituting Equation 3 for V1yx and A for -Vow/Zg into
Equation 23, Vggx equals:

Vo= 4R Vaw(Rzo1
GSX $Z,

(EQ. 24)
F(a2

Zg is equal to Rzp1 (actual values of Rzg1 and Ra2 were
multiplied by 1000 to reduce loading effects on the opamps).
Simplifying Equation 24 and assuming Ry>=4RS from
Equation 13 results in Equation 25.

A _Vesx_ (4Rs) _ |
2W - 4W 4R

Vasx (EQ. 25)
Vow

The transmit gain 2-wire to 4-wire is equal to one.

Transhybrid Balance G(4-4)

Transhybrid balance is a measure of how well the input signal
is canceled (that being received by the SLIC) from the transmit
signal (that being transmitted from the SLIC to the CODEC).
Without this function, voice communication would be difficult
because of the echo.

The signals at VpywRro+ and V1x (Figure 3) are in phase.
Transhybrid balance is achieved by summing two signals that
are equal in magnitude and opposite in phase into the GSX
amplifier. The TCM38C17 provides a signal that is equal in
magnitude an opposite in phase from the PWRO+ signal. That
signal is present on the PWRO- pin.

Transhybrid balance is achieved by summing the PWRO-
signal with the output signal from the HC5503PRC when the

proper gain adjustments are made to match VpywRro- and V1x
magnitudes.

For discussion purpose, the GSX amplifier is redrawn with the
external resistors in Figure 5.

v Ras ANLGIN+ [
PWRO-
Ra2 6 ANLGIN- p—oVasx
Vix o 1o -
GSX
Rzo1

FIGURE 5. TRANSHYBRID BALANCE CIRCUIT

The gain through the GSX amplifier from Vrx is set by
resistors Ryo and Rzg4. Both resistors (Rg2 and Rzqg4) are
used in the feedback loop to match the two wire impedance,
and thus set. The gain through the GSX amplifier from PWRO-
is set by resistors Rg5 and Rzg1. Matching of the magnitudes
for transhybrid balance will be accomplished using resistor

Ras.
Using superposition for both inputs to the GSX amplifier and
setting both gains equal to each other yields Equation 26.

v (Rzm]: v (Rzm]
TX Ra2 PWRO - RaS

(EQ. 26)

Cancelling out Rzg1, setting V1x equal to 400/Z_times
(VpwRo-) and rearranging to solve for Rg5 results in Equation
27.

v E :Ra2ZL
PWRO - Vo 400

The values of Ryp, Ra5 and Rzp4 should be scaled by 1000 to
minimize loading of the GSX amplifier (Figure 5).

Reference Design of the HC5503PRC and
the TCM38C17 With a 600Q2 Load
Impedance

The design criteria is as follows:

R (EQ. 27)

a5~

* 4-wire to 2-wire gain (PCMIN to Vo) equal 0dB
* 2-wire to 4-wire gain (Vo to PCMOUT) equal 0dB

* Two Wire Return Loss greater than -30dB (200Hz to
4kHz)

* Rp=50, Rg= 100

Figure 6 gives the reference design using the Intersil
HC5503PRC SLIC and the Texas Instruments TCM38C17
Quad Combo. Also shown in Figure 5 are the voltage levels at
specific points in the circuit. These voltages will be used to
adjust the gains of the network.
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Impedance Matching

For impedance matching of the 2-wire side we set the input
voltage at PCMIN equal to zero. This effectively grounds the
PWRO- input of the GSX amplifier. To determine the value of
Rao to achieve a 2-wire to 4-wire gain (Vo to PCMOUT) of
0dB we use Equation 24, repeated here for convenience in
Equation 28.

AR Vzw[Rsz
Sz R
0
Substituting the required voltage levels (Figure 6) for Vggx
(0.7745) and Vo (0.7745) and rearranging to solve for Rgo
results in Equation 29. Where: Vggx / Vow =1.0, and
Zo=Rzo1:

= 400 _ 49

1.0

Vasx= (EQ. 28)

" (EQ. 29)

The value of Ry needs to be scaled by 1000 to minimize the
effects of loading on the GSX amplifier. The nearest standard
value for Ry is 402kQ.

Ra3 needs to be adjusted by Vggx / Vo to maintain the same
feedback for impedance matching Equation 30.

The gain through the TCM38C17 (PCMIN to PWRO+) is given
in Equation 31.

R, +R

1 2

4(R2+?) (EQ. 31)

G(PCMIN —-PWRO) ~
The input and output gain adjustments are discussed in detail in
PCM CODEC / Filter Combo Family: Device Design-in and
Application Data [1]. The maximum output (Gain=1) can be
obtained by maximizing R1 and minimizing R2 (Figure 3). This
can be done by letting R1= infinity and R2 = 0, as shown in
Figure 6.

Transhybrid Balance (Z; = 600))

The internal GSX amplifier of the TCM38C17 is used to
perform the transhybrid balance function. Equation 27,
repeated here in Equation 32, is used to determine the value of
Rg5 for proper transhybrid balance.
R R, ,Z
a2 2°L
Ras= VPwRro - [WJ - ZOO

The values of Ryp, Rgs, and Rzp1 should be scaled by 1000 to
minimize loading of the GSX amplifier.

(EQ. 32)

R,3= (200kQ)(1.0) = 200kQ (EQ. 30) ] .
VTx is equal to (0.7745VRMms)(2/3). VPWRO- is equal to
. . 0.7745VRps.
The closest standard value is for Ry3 is 200kQ2. Rz
R - —a2“l _ 402KQx600Q _ goay ) (EQ. 33)
a5 400 4000
Closest standard value for Ra5 is 603kQ.
G4-2 !
OdBmO(GOOQ) 0dBmO000) 0dBmOs000)
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FIGURE 6. REFERENCE DESIGN OF THE HC5503PRC AND THE TCM38C17 WITH A 6002 LOAD IMPEDANCE
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Specific Implementation for China
The design criteria for a China specific solution are as follows:

Desired line circuit impedance is 200 + 680//0.1uF
Receive gain (Vow/Vpcmin) is -3.5dB
Transmit gain (VpcmouT/Vow) is 0dB

0dBmO is defined as TmW into the complex impedance at
1020Hz

Rp = 50, Rg = 100

Figure 7 gives the reference design using the Intersil
HC5503PRC SLIC and the Texas Instruments TCM38C17
Quad Combo. Also shown in Figure 7 are the voltage levels at
specific points in the circuit. These voltages will be used to
adjust the gains of the network.

Adjustment to Get -3.5dBm0 at The Load
Referenced to 600Q2

The voltage equivalent to 0dBmO into 811Q (0dBmO0(g11¢y)) is
calculated using Equation 36.

2

The adjustment to get -3.5dBm0 at the load referenced to
600Q2 is:

Adjustment = —3.5dBm0+ 1.309dBm0 = -2.19dB  (EQ. 36)

The voltage at the load (referenced to 600Q) is given in

Equation 39:

V2

_2.19dB - 10log—Y
9dBMgo00) = 1010955567601

= 0.60196Vg,s (EQ-37)

Impedance Matching

For impedance matching of the 2-wire side we set the input
voltage at PCMIN equal to zero. This effectively grounds the
PWRO- input of the GSX amplifier. To determine the value of
Ra2 to achieve a 2-wire to 4-wire gain (Vo to PCMOUT) of
0dB we use Equation 24, repeated in Equation 38.

Vo (R
2w(Rzo1
Vasx™ 4Hs"“zo[ J

(EQ. 38)
I:‘a2

Substituting the required voltage levels (Figure 7) for Vgsx
(0.51769) and Voyy (0.60196) and rearranging to solve for Rgo
results in Equation 39. Where: Vggx / Vo = 0.860, and

\%
0dBm = 10log————— = 0.90055V (EQ. 34) )
(811Q) 9811(0.001) RMS ZO=RZO1'
_ 400 _
The gain referenced back to 0dBm0(ggog) is equal to: Ra2= 5ggg ~ 461 (EQ. 39)
0.90055V
GAIN = 20l0g————"2 = 1.309dB (EQ. 35)
0.7745Vgs
< G4-2 I
-2.19dBm0(gog(y) -2.19dBm0(goo0)) 0dBmOgoo0)
0.60196V TEXAS 0.7745V,
0.60196V:MS ] RMS INSTRUMENTS RMS
P s v TCM38C17 4_/\'_"“
500 100Q 047 ‘J% Rag PWRO+
Tr Ry IH Yoot 200kQ | PCMIN
+ / 2 X “ —— +
V2W o VRX q
\ 2000 + 681Q || 0.1uF | @
RF
—1 —1 R Ra3
Rp Rs F 100k 174k
500 1000
INTERSIL Raq
HC5503PRC 267kQ ] Rag
931kQ
NG PCMOUT
+/
AREF GSX
Rap
Tx - p
0.47u 294kQ) Rzo01 = Z(1000) l
-2.1 9dBmO(6009) -8.32dBm0(5009) T V1x = V2w(400/811) VGSX—3.5dBmO(SOOQ)
0.60196VRys (0.60196)(400/811)Vrms 0.51769VRys

\J

FIGURE 7. REFERENCE DESIGN OF THE HC5503PRC AND THE TCM38C17 WITH CHINA COMPLEX LOAD IMPEDANCE
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The value of Rgo needs to be scaled by 1000 to minimize the
effects on the GSX amplifier.

The nearest standard value for Rgo is 464kQ.

Ra3 needs to increase by (0.860) to maintain the same
feedback for impedance matching Equation 40.

R,3= (200kQ)(0.806) = 172kQ (EQ. 40)

The closest standard value is for Ry3 is 174kQ.

To achieve a 4-wire to 2-wire gain (PCMIN to V2W) that is
equivalent to 0dBm(600W) at the complex load, the gain through
the TCM38C17 (PCMIN to PWRO+) must equal -2.19-2.19dBm
(0.60196VRMS) the gain is 0.777.

The gain through the TCM38C17 (PCMIN to PWRO+) is given
in Equation 41.

GPcMIN-PWRO) = (EQ. 41)

1
4(R2+_ZJ
Setting the gain in Equation 41 equal to 0.777 we can now
determine the value of the gain setting resistors R1 and Ro.
Selecting the value of R4 to be 75kQ, Ry is calculated to

7.87kQ. (Note: the value of Rqy + Ro should be greater than
10kQ but less than 100kQ.)

Transhybrid Balance (Z; = 200 + 680//0.1,.F)

The internal GSX amplifier of the TCM38C17 is used to
perform the transhybrid balance function. Equation 27,
repeated here in Equation 44, is used to determine the value of
Ra5 for proper transhybrid balance.

R R, ,Z
a5 PWRO VT 400

(EQ. 44)

VTx is equal to (0.60196VRMms)(400/811). VpwRo- is equal to
0.60196VRMs.

R,,Z
R PRa2?L _ 464KQx811Q _ g0 710

(EQ. 45)
a5 400 4000

Closest standard value for Ra5 is 931kQ.

The values of Ryp, Ras and Rzp4 should be scaled by 1000 to
minimize loading of the GSX amplifier. Scaling of a complex
load is shown in Equation 46.

Reactive
100

Rzo1 Of Rygp = 100(Resistive)+ (EQ. 46)

Note: When matching a complex impedance some impedance
models (900+2.15uF, K=100) will cause the OpAmp feedback
to be open at DC currents, bringing the OpAmp to an output

rail. A resistor with a value of about 10 times the reactance of
the capacitor (21.6nF) at the low frequency of interest (200Hz

0.777 = ﬂ for example) can be placed in parallel with the capacitor in
4(R n E) (EQ. 42) order to solve the problem (368kQ for a 21.6nF capacitor).
2 4
Reference
0.222 [1] Website
R, = R,( ==%5] = 75kQ(0.105) = 7.87kQ EQ. 43
2 1(2-108) ( ) (FQ.43) www.ti.com/sc/docs/psheets/abstract/apps/slwa006.htm
The closest standard value is for Ry is 7.87kQ).
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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Renesas Electronics Hong Kong Limited
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Tel: +852-2265-6688, Fax: +852 2886-9022

Renesas Electronics Taiwan Co., Ltd.
13F, No. 363, Fu Shing North Road, Taipei 10543, Taiwan
Tel: +886-2-8175-9600, Fax: +886 2-8175-9670

Renesas Electronics Singapore Pte. Ltd.
80 Bendemeer Road, Unit #06-02 Hyflux Innovation Centre, Singapore 339949
Tel: +65-6213-0200, Fax: +65-6213-0300

Renesas Electronics Malaysia Sdn.Bhd.
Unit 1207, Block B, Menara Amcorp, Amcorp Trade Centre, No. 18, JIn Persiaran Barat, 46050 Petaling Jaya, Selangor Darul Ehsan, Malaysia
Tel: +60-3-7955-9390, Fax: +60-3-7955-9510

Renesas Electronics India Pvt. Ltd.
No.777C, 100 Feet Road, HAL 2nd Stage, Indiranagar, Bangalore 560 038, India
Tel: +91-80-67208700, Fax: +91-80-67208777

Renesas Electronics Korea Co., Ltd.
17F, KAMCO Yangjae Tower, 262, Gangnam-daero, Gangnam-gu, Seoul, 06265 Korea
Tel: +82-2-558-3737, Fax: +82-2-558-5338
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