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1. Introduction

RTC6649 power amplifier (PA) is designed to operate in 2.4GHz ISM %

document contains information of using RTC6649 as the power a
802.11b/g/n compatible WLAN system, including application circuit, Bi erial
(BOM), PCB design and layout guideline. Typical performance data @

are also summarized here for reference.

2. Electrical Characteristics Summa \

» Operation frequencies : 2.412~2.482 GH
Linear Poutfor 11ausage : 25.5dBm

Small signal gain
2f, 3f harmonics
Supply voltage
Vref1, Vref2

YV V V V V

3. Pin Definition

Pin Function Description

1,4,8,13, NC Not cogQéé\‘e/@)

, RF_in RFZQ%I\\put matching network is built on chip

N [
w |O1

5 VCCB W for bias circuit
Vré{& Eié@}{rol voltage for 1st & 2nd stage

6
7 (VrefZ\ Qias control voltage for 3rd stage
9

\i&)\ D%tector output voltage for output power index
1011 | RF-olb |RF output

Power supply for power stage-3, connected to pin10 & 11
internally

Vcc2  |Power supply for power stage-2

Q w Veel Power supply for power stage-1

Preliminary Confidential Proprietary
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4. Application Circuit

exposed pad,

Ll close to Ul LZ close teo Ul
Eliclose to: Ll .EE close E£o. L2

1 L Lz cz
F 100pF —|— 2.2nH 5.6nH —|—1 nF
= s

on paddle ground via
at least Y%ea

impedance=50ochm
TL=20mil

TFMCT
- e 3 Sha
NC N RF_oUT 1
RF_in I i
RF_in ! £ e
e s 22pF
B oo
RTCBE4GN ) =
impedance=50ohm
T : TL=20mil
4
i WPD
% 0
R C
% G_ RS 12 E test!_Sdimm
c_1nF)
<\k 10K 10pF
© ' e »
L,
testt_Sdmm 2.9V GG == _‘_—®

100pF = test!_5dmm
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5. Bill of Material

Item | Qty gg];?;?\g?grs Part Description Size |Tol. Manufacturer P/N Wturer Note
1 | 2 [RR4  [oohm, 1/16W, 1A LF  [0402 [:5%  |[WR04X000PTL( [ |WALSIN
2 |1 |r3 100 ohm, 1/16W, 1A, LF [0402 [+5%  [WRO4XT0IPTL WAV'SIN
3 |1 [rR2 4.7K ohm, 116W 0402 [£5%  |WRO4X4724TE - [WALSIN
4 | 1 |rs 10K ohm, 1/16W 0402 [t5%  [WRO4X103JTL ) )’|WALSIN
5 | 1 |cs 1pF.NP0,50V,£0.250F (0402 [+0.25pF |pAgonNtROCE00CT |WALSIN
6 | 1 [co 1.5pF,NP0,50V,+0.25pF (0402 [£0.25pF |g 50500LT  |WALSIN
7 11 [e7 3.3pF NP0,50V,20.25pF  [0402 [£0.25pF Jo402n3R3¢500LT |WALSIN
8 | 1 |c12 10pF,NP0,50V,+5% 0402 [¢5% (" ([0402N100J500LT  [WALSIN
9 | 2 [cs,ce |22pF,NPO,50V,£5% 0402 [+5% — |0402N220J500LT  [WALSIN
10 | 2 |c1.c14  [100pF.NPOSOV,25%  [0402 [45% 02N101J500LT  |WALSIN
11 | 2 |c2c10  |1nF, X7R,50v,£10% 0402/ [210%__|0402B103K250CT  [WALSIN
12 | 1 |ca 100nF X7R,50V,+10% [ 0402 [£40%  [0402B104K500CT ~ |WALSIN
13 | 1 |c3 10uF, X5R6.3V.£10% |\ [0805 [+10%  |0805X106K6R3CT |WALSIN
14 | 1 |Le 1nH,+0.3nH,300mA 0402—{20/3nH  |HI1005-1CTNOSMT  [ACX
15 | 1 |us 1.2nH,%0.3nH,300mA  [0402 [£0.3nH |HI1005-1C1IN2SMT [ACX
16 | 1 L1 2.2nH,£0.3nH,300A > 70402 [£0.3nH [HI1005-1C2N2sMT  [acx
17 | 1 |4 3.3nH,£0.3nH,300m&”/ 10402 [+0.3nH |HI1005-1C3N3SMT |ACX
18 | 1 |2 5.6nH,£0.3nH,300mA~——[0402 [+0.3nH [HI1005-1C5N6SMT  [ACX
19 [ 1|3 5.6nH,£0.30H:600mA  [0603 [+0.2nH [LQW1BANSN6CO0 |Murata
20 | 1 |u1 RTC6649 QFN16_3x3  [3x3 RTC6649 RichWave

g O v
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6. PCB Design %

For 802.11a/b/g/n compliant WLAN system, typically 4-layer PCB is used. The¢ s p
of PCB is very important for decision of the width of 50Q transmission line.

materials, including 5, 8, 9.5, 14, 18, 21, 28, 35, 39 an
layer copper foil and inner core are sheets of prepreg. of prepreg could
be selected to stack up the PCB, including type 10 16... etc. The PCB

manufacturers have several types of standard stac

0.031"
+/-0,005"

Figure 2: Vendor ste

0.062" 4 Layer

x / 10z Cu - all layers
s
& 2 Sheets 2116 /

Y A 0.039" Core

+-10% Y A
2 Sheets 2116 \
S~

10z Cu - all layers
© ure 3: Vendor standard stack-up of 4-layer PCB with 62 mil thickness
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To PCB manufacturer, you can choose their “standard” stack-up as above o %
specify your own controlled PCB stack-up. In either case, you should know thewé\z%

between signal layer and ground plane layer. For microstrip line, this infi is
enough. However, for Coplanar Waveguide (CPW) or Conductor Back oplanar
Waveguide (CBCPW or CPWG), you should know the gap or ee
transmission line and the ground copper on the same layer. @

ﬁ oute the 50Q
issionline and ground

transmission line with 15-mill width, and the gap betwee R

n

As an example, if you specify the following PCB stack-up, yo

plane copper should be 13 ~ 14 mil.

¥: RF Signal

mil
RF GND mil
29.6 mil

POWER L

epreg ——- 8 mil
z Cu Foil -- 1.4 mil

Figure 4: A specific 4-layer PCB stack-up

(L

i Digital

The impedance calculation of ¢ acked CPW is shown below:

Main Menu [FB]

th Groundplane Q) Mo Groundplane

Elect Lergth = 0,355 2

Elect Length = [ 1290 | Bearess [+

1.0 avelength = | 2790.275 mil

Vp = fiaction of ¢

Eelf= | 3N

Shepe factor = | 0L366

N Figure 5: 50Q transmission line parameter calculation
.richwave.com.tw
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On the other hand, if you use a 2-layer PCB with the following stack-up, you
the 50Q transmission line with 24-mill width, and the gap between transmissio%

ground plane copper should be 4 ~ 5 mil.

3 . 7
: RF Signal ILLAYER 1 1/2 0z Cu Foil —-- O.
41 .4 mil FR4 core —— 4
:: RF GHND I.AYER 4 1/2 0oz C oil il

(2

Figure 6: A specific 2-layer PCB %;%
The impedance calculation of conductor backed CP n below:

Main Menu [F8]

dnlane

Coplanar Waveguide @ vinondgsne 0 e

I_ /x\
1000
b o d
40 [ |
e 11 n Szl
—1] W [
H ‘ Elect Lengih = A
=1 P Elect Length = [ 1200 | pearees [+
1.0Wavelength = [ 2999655 | mil
Dislectiic: Sr= [0 bl
Yp= fraction af &
Frequency: 12.4 Shape lactoe = | 0,708
Length Units:

transmission line parameter calculation

For other PC /please calculate the parameter carefully to get a transmission

line with im closer to 50Q.
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7. PCB Layout Guideline

7.1 Power Supply Path

The power supply path for PA is the circuit drawn as below:

Ll ¢lose to UL
Cl cloze to L1

LZ close to Ul
&2 wlose e 2

Application Note

oy
@ Q
= J .
- C3
& I Lz 1 A et B
= 9 !
100pF 22nH 5 BnH nF s
47‘; ——
- o >—{ Fﬂ“h
e | L3 OJuF
5 BnH
RCOB03
O L =T ey
.\“ 7 Ulrvrr
‘ \\\qu?ONO
—__l——1 ‘\\§Z§Z 1
e TS

Figure 8: Power/supply path schematic

d wi
recommended) to the 10uF decoupling main node (C3). From here route the power
trace to VCC3(L3), VCC2(L2)

5V supply voltage for PA should be enough width (at lease 30mil is

a (L1). Route the power trace from C3 as wide
as possible. C1is the decouplin@r for VCCH1, putit closer to L1 and L1 closer to
PA(U1). C2 is the decoupling acitor for VCC2, put C2 closer to L2 and L2 closer to
PA(U1). The Line width é@i\;

Place L1, C1, L2, C2

ace from L1 and L2 should be greater than 7-mil.

.‘ﬁ,.‘= as possible and PCB trace as short as possible.

Figure 9: Power supply path layout

Preliminary Confidential Proprietary
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7.2 RF Output Transmission Line

= 3
56rH  impedance=50ochm
RC0E03

!

TL=20mil

1
= ZFe'l & L4
~fecs H2

N A 11 STV TV T

FRF_out —~— 3.3nH ‘
e
-] 1 a3pF ik
» —L— —L—
L R2 impedance=50ohm

pin-11 (body edge to body edge). Shunt C7 at 20mil TL away from R1 edge and series
L4 at 20mil TL away from C7. A hunt C8 at 20mil TL away from L4 edge. C6 is

output DC block. \

© @ Figure 11: RF output layout
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R

RTCE649N

test1_Sdmm

Figure 12: Bia ference voltage supplies

C10 is the decoupling capacito B, put it closer to PA pin-5. R3 and R4 are

resistors used for adjusting Vr eserve C11 and C13 to adjust burst rising and falling

time. C14 is the decouplin

AN

r for Vref, put it closer to R3, R4.

Figure 13: Vref and VCCB PCB layout

Preliminary Confidential Proprietary
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7.4 RF Input Transmission Line

parameter of transmission line (width & gap) should be carefully
described in section 6.

L5, C9, L6 are notch filter for 3.2GHz Gain rejection. Put L6 at
&

away from L5.

Put C9 to L5 as close as possible.

impedance=50chm
TL=20mil

=]
Ut =
| Epere
J2 SMA & i B
NC
5l = 2

< T 3 RF_in
4 RF_in
ey = |

NC
= 1.2n RTCH64TN

[
i

Figure 1 input schematic with notch filter circuit
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vinz | REED/A
N

pin3

@ 0 ' RTC6649
igure 16: Internal input matching circuit

%ve.com.tw
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7.5 Power Detector Output %%
Sl

Pin-9 of PA is power detector output. RS and C12 construct a LPF to filter [
from pin-9. R2 is used to reduce Vpd level.

] o @
R2
47K Q \

m—#l e

test1_Sdmm

Figure 17: power d tor sehematic with LPF

PA RTC6649

¥

RF_output

¥
%RI oot
Velam

.

bias diode

Wpd

Figure 18: power detector equivalent circuit
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7.6 Grounding Via for PA Exposed Pad

As drawing in the following figure, at least 9 pieces of grounding via shoul %

the grounding area for PA exposed pad. They are used to make more ectionto
larger ground planes for better power dissipation, as well as mini t tray

inductance between PA exposed pad and 2™ layer ground plane

Preliminary Confidential Proprietary
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7.7 NC Pin & Layout Guidelines for 2_Layer PCB @
te

Pin 1, 4, 8, 13, 15 are all NC pins. There are no embedded bonding wires co
these pins. Connect these NC pins to ground is recommended.

For 2-layer PCB, since the spacing between top and bottom layer i the
4-layer PCB, the stray inductance on the ground return path wilkbe hi than 4-layer
PCB. Therefore, for 2-layer PCB we should minimize the grou ctance as

possible as we can. As shown in the following schematic@n 2 CB case, these

NC pins have to be connected to ground to make an intact arie copper.

Please refer to section 6 for 50Q transmission line paramet culation.

|

—f
= R

RTCBE4TN ] ]

<
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8. PCB Layout Example for Each Layer %

8.1 Top layer

8.2 Bottom layer

Preliminary Confidential Proprietary
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8.3 INT1 layer (layer 2, grounding layer) \

8.4 INT2 layer (layer 3)

w.richwave.com.tw
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8.5 MASK TOP layer

—

[ 2\
8.6 MASK Bottom layer @

Preliminary Confidential Proprietary
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8.7 Silktop layer

8.8 Component layer

w.richwave.com.tw
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8.9 Drill layer %

AlLL URLITS ARE [N MILS

w.richwave.com.tw
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