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What Can We Do for Customers...?

As a pure foundry provider, what
can we do for our customer...?
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> Introduction of Wavetek (WTK)

INTRODUCTION OF WAVETEK (WTK)
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HBT

SH2
High Beta 120 for Excellent Linearity
SH1
High Beta 125 for Excellent Linearity
HBT1/2
High Linearity 3G/LTE/WiFi

HBT3
Medium Linearity GSM/GPRS/EDGE
HBTS5
High Ruggedness PA
HBT6
Small Cell [12V operation]

wavelkel

KEYSIGHT

TECHNOLOGIES

ED25

LNA/PA/Infrastructure/
RF switch

ED15-00
mmWave/LNA/5G Cellular

ED15-01

5G Cellular/mmWave

PA25

Power pHEMT [8V]

IPD1

Polyimide

IPD2
Air-bridge

CATV

2-4G o

Cellular
5G Celluar

@ ,
WiFi PA'

Copyright © Wavetek Microelectronics Corp. 2019, All Rights Reserved.

loT

®

/" WiFi FEM

GPS 8BTS
o

o

BTS

' Small Cell
@

BTS

Small Cell ®
Radar

i

2019/10/22




> Overview of WTK process design kit

OVERVIEW OF WTK PROCESS DESIGN

KIT
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Keysight Advance Design System (ADS)

PATH

Advanced
Design System

Premier High-Frequency and
High Speed Design Platform (2020)

ADS 2020 is Refeased!




One Stop RF Circuit Design Flow

Circuit Design =5
Specification 'w 'II'(EEIX\I%II_gGII-IIEI A DS Wave L-EI( P D K

Pre-layout

simulation Schematic view Device models
Layout view P-cells
DRC LVS
Advance layout elements DRC and LVS
ost-layou
Simulation Momentum (FEM) (ETH) Substrate definition file

Tape Out

- Customer engineer service

Measurement
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Components in Schematic Library

e L Netlist Include Kit
DE &

2 Active Devices
® i

Search all Hbreies - HBT - Diode SHIZ
1"\JTK_SH2_KIT WEVEL E (

e 3’ pPassive Component WTK_SH2_Include

5 j : - Resistor - Inductor Include
fon - Capacitor Version=TPM_V0OP2_01

= fE.I‘m' SH2_TEMP=25
oy 4 4

Traces
- Microstrip lines - Backside via.

3 Others

EE e —— - ESD devices - Customized components
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Components in Layout Library

cell_1 [SH2_Demo_lib 1
I Active Devices
W]_HQ- - HBT - Diode
R o & 2
I 2 |
Pas Passive Component

e - Resistor - Inductor e
e T LOVE
WTE_SH2_KIT 1 \_
THELH ﬂ. 3 T
L races
oo - Microstrip lines - Backside via.

- Via - Standard pad.
4 Others
- Dicing streets - Text layouts

Select: Click and drag to select. 0 items -81.800, -103.500 -81.800, -103.500
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DRC / LVS (Layout Verification Tools)

o
1 M ADS Desktap LVS
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i res i P2
R1 Num=2

v

N E EE
DRC and LVS are ready to offer : N :
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EM-Simulation on Momentum
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> Example of power amplifier design
— General considerations on power amplifier design

— Final stage and power cell design
— Complete power amplifier design

EXAMPLE OF POWER AMPLIFIER

DESIGN
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A Power Amplifier Design

Modulator

This work:

carrier  power Amplifier Design

Considerations in power amplifier design

* Linearity: IP3, AM-AM/-PM conversion,
ACLR...

* Thermal: electro-thermal interaction,
thermal coupling effect

Performance of power amplifier design
* Return loss
* Gain

P1gg
IP3
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Non-Linear Effect

Linear

~f

Non-linear

I M Non-linear
output wave
m U
Linear input output 4
power (dB)
wave

Linear region
(slope = small-signal gain)

1

~f

st

Saturated
output power

Compression
region
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Modulation Issue
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Intermodulation Distortion Verification Test Bench (VTB)
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Thermal Issue in Power Cell

Electro-Thermal Interaction Thermal Coupling Effect

Ic increase . .
\ Parallel Devices Top view

Power dissipation
Resistance of the increases

device decreases

l\

Increase the temperature
of B-C junction

cp cp

£
£
a
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Block Diagram of Power Amplifier

Drive the constant
current for amplifier

Impedance matching

Bias Bias (Power matching)

Impedance matching Circuit Circuit
(Gain matching)

RF input Input Inter-stage Output RF output
Matching Matching Matching
Network Network Network
Z Z,

Gain amplifier to

= . Power amplifier to
= boost RF input power

drive output power
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Power Cell

P = ?—“—'—’W\/—‘
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Power Cell HBT Core
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Biasing Circuit: Structure

Q

C
Q :l :l: ! Adaptive biasing circuit

(Linearizing bias circuit)

Power cell core
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Impedance Matching and Load Pull

I Contours of PAE, Power and Gain

/ Ga circle

I Impedance Matching

Device Output matching  Load Impedance gz \ Power circ)c/
Impedance network (50 Q) “Optimized and trade amplifier performance
between P, PAE, Ga and VSWR.
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Pre-Layout and Post-Layout Simulation

« Post-layout (EM-) simulation
» Performance extracted from the

« Pre-layout simulation

i Usmgl.eqw:c/falent models..d 5 substrate definition file.
Coupling effect not considered. » Coupling effect considered.
» Less simulation time. . . L.
» Taking more simulation time.
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Off-Chip Elements

Wire bond

Off-chip components

Package

4
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Smart Mount for Multi-Technology

cell_1 [QFN_lib-cell_Llayout] (Layoub: |- _______________________________________ -i
File Edit Select View Inset Options Tools Sc‘hfrrnahc” Hﬂ Window DesignGuide Help J | 1
NER& 3 X9 » € RPPLw [+ MRS [Tl %] : ; :
NP 22 E O L \Emmbmmemss) [ 9 D=0 A ] ———r !
Era—] o0 Il K : — :
Parts F X I cond_cond2 - I
©m I I
T, r : = — = = :
e : : e : :
I L I
[ , = [
: I Chip Substrate |
| |
| Module - —= !
| Substrate —_— :
| |
/) = e J

Smart Mount allows a component designed in

one technology to be used in a design with a

: QFN_Designer V8 different technology.
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Power Amplifier Design Flow

— :
4 3 Bias 2 1 Bias
Circuit Circuit
RF input Input Inter-stage Output RF output
Matching Matching Matching
Network Network Network
Z Z,
® ..;4 ‘Gain matchin «3 Driving «2 Load pull and power «1 Select the transistor
[ 8 amplifier design. I/matching. size and bias point.
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Test Bench from Design Guide

(L LR " Y LRt ] %
Options : DesignGuide =

P8 Template..

Templates ..., "7

Lt Insert Template:2 =2

iiiinnnnan, DESIBN GUIDE

fud Amplifier2 £3

Schematic Design Templates
ads_templates:3GPPFDD_BS_RX_te =
ads_templates:3GPPFDD_BS_TX_te
ads_templates:3GPPFDD_RF_PAE_t
ads_templates:3GPPFDD_UE_RX v
ads_templates:3GPPFDD_UE_TX_te
ads_templates:BJT_curve_tracer

» DC and Bias Point Simulations

» S-Parameter Simulations

+ 1-Tone Monlinear Simulations

+ 2-Tone Monlinear Simulations

- Power Amplifier Examples - By Class of Operation
- Amplifier Statistical Design

» Lumped 2-Element Z-Y Matching Metworks

» Lumped Multi-Element Z-Y Matching Metworks

- Tools

ads_templates:ConvPulseRespT
ads_templates:ConvStepRespT
ads_templates:DC_BJT_T
ads_templates:DC_FET_T
ads_templates:EDGE_RF_PAE_test
ads_templates:FET_curve_tracer

Display Simulation Results
Amplifier DesignGuide Documentation
About Amplifier DesignGuide

ads_templates:HBE1Tone

4 mn 3

Note: Double click or choos "0OK" to ingert.

‘Template and design guide provide simulation
environments to designers for reference.

[ ox || Comel || Help |
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e Analysis: DC Simulation

BJT Curve Tracer | @
Generates |V curves, computes Gm versus bias,
and optimal bias for Class A operation.
|_Probe
IC
SH
Il_2
+| v bc \ | AA }/ unit_ce I: |2
— SRc1 70 | X1 WaVEeLeK
_T Vde=VCE + © e WTK_SH2_Include
C1 = Include
gﬁgcfs C=1F ZR‘CIEB Version=TPM_V0P2_01
ca SH2_TEMP=25
Freqg=frei
B va] VAR
% VAR2
PARAMETER SWEEP VCE =0 V
ParamSweep IBB =0 A
Sweep1 DC1 Rload = 50 _ohms
SweepVar="IBB" SweepVar="VCE"
SimInstanceName[1]="DC1" Start=VCE_Start
SimInstanceName[2]="Sweep2" Stop=VCE_Stop VAR Set base current and collector voltage
SimInstanceName[3]= Step=VCE_Step Ean VARA sweep limits and frequency at which
SimInstanceName[4]= _ the transconductance Gm will be
SimInstanceName[5]= | %| PARAMETER SWEEP I VCE_Start=0 ~calculated, as needed.
i 1= VCE_Stop=13
164 =
Start=500 uA ParamSweep VCE_Step=0.2
Stop=8000 uA Sweep2
Step=500 UA SweepVar="VCE"
SimInstanceName[1]="AC1"
SimInstanceName[2]=
SimlInstanceName[3]=
SimlInstanceName[4]=
SimlInstanceName[5]= AC
V SimInstanceName[6]= AC1
Qtart=\/"FE Qtart -

“Reference design guide: BJT I-V curve, Class A Power, Eff., Load, Gm vs. Bias
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Device Analysis: Load Pull

System Reference Impedance Z0: 50.000
A Rho of 0 corresponds to a
load impedance of conj(Z0).

Power
contour

One Tone Load Pull Simulation; PAE and Delivered Power Contours levels, dBm:
output power and PAE found at

P TR _\ 33.76
. 33.00

Load_Pull_Instrument1_r1 Load Pull Instrument 1 32.00
31.00
30.00
29.00
28.00

X1

V_Bias1=5V
V_Bias2=5V/
RF_Freq=4.9 GHz = No DC) Bias jas2 (No
Pavs_dBm=24 Z_Source_5th=1000 ] @
20=50+{"0

Specify_Load_Center_S=0 T
Sweep_Rectangular_Region=0
Swept_Harmonic_Num=1
Z_Load_Center_Fund=20+j"0
Z_Load_Center_2nd=1000+j0

Z_Source_Fund=5+j"0

PAE_contours

PAE contour
levels, %:

Note:

Ifspecitying a complex 20,

for example 5+*10, a

impedance of 5" mcorrespcnds
to a reflection coefficient of
e S e T
near the edge of the Smith Chart
by specifying a complex Z0.

o
»
2
Power_contours

47.123
i 44.000
VSWR circle (= 2:1) 40.000

36.000

s 32.000
\_/ 28.000
E (PAE, %) b (Power Delivered, dBm)
V AT At ° ‘22772 sumber=11

“Reference design guide: Load Pull - PAE Output Power Contours :-j0.104]
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Device Analysis: Stability

Mu and Stability Factor Stability Circle Winslow Stability
Probe (WSProbe)
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bl b D o)
StabFact Mu 3StabCircl .StabCircl G L _@

StabFact Mu S_StabCircle L_StabCircle

StabFactl Mul S_StabCirclel L_StabCirclel

StabFact1=stab_fact(S) Mul=mu(S) S_StabCirclel=s_stab_circle(S,51)  L_StabCirclel=I_stab_circle(S,51) WSProbe A D S 2 O 2 O
— WSP1 new function!

e 2077 20
] L 12
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4 |- 4 |
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© 1 r < [ z 1
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4 |- - o0 @ h
2 ] L se 1 J
] [ o oS 04—
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] [ o 02
i L 1 /
i r 00 —
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e [ I [ [ T I I
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freq, GHz 1E6 1E7 1E8 1E9  1E10  1EMM

indep(S_StabCircle1) (0.000 to 51.000) ssfreq
indep(L_StabCircle1) (0.000 to 51.000)
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Simulation: S-Parameter

m1

freq=4.900GHz
5(1,1)=0.091 / -14.737
impedance = 59.596 - j2.787|

m2

freq=4.900GHz

S(2,2)=0.445 / 141.537
impedance = 21.162 + j14.607|

S(1,1)

S(2,2)

<«— Smith chart with S;; and S,,

-
[6)]

EDS

I

-
o

(

[&)]

freq (10.00MHz to 10.00GHz)

Gain and Return Loss (dB)
o

1
i
] i
A5TFrrrr e e e e e e

Input / output return loss and gain — 30 35 40 45 50 55 60 65 7.0
Frequency (GHz)
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Simulation: Harmonic Balance

RF Spectrum OP, ; Vs. Frequency P..» Gain and PAE
vs. Frequency

. 40 m5 38

£ADS i ‘[ m5 AD . 40 1
20 freq=4.900GHz

. dBm(HB.VIoad)=32.184 37 304

~

w
(]

Spectrum (dBm)
)
<
w
)]

(%) Aousioy3 pappy Jemod

Output Power (dBm) and Gain (dB)
>
]

Outpot 1-dB Compression Point (dBm)

_Goi T 34 -10; l:’out
80+ T R R e S ] i . 7| S -
0 2 4 6 810121416 18 20 22 24 26 46 47 48 49 50 51 52 30 20 -0 0 10 20 30
Frequency (GHz) Frequency (GHz) Input Power (dBm)

RF Frequency: 4.9 GHz
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Simulation: Two-Tone and Modulation

P,ut VS. P;, OIP3 vs. Frequency

(dBc)

22.90

22.85

22.80
22.75-

00] 22,70

-120\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
30 25 20 -15  -10 -5 0 5

Input Power (dBm)

22.65 1 T T ‘ T T ‘ T T ‘ T T
4.80 4.85 4.90 4.95 5.00

Frequency (GHz)

Jutput Fundamental and 3rd Order Harmonic Power (dBm)
3
L |
Output Third-order Intercept Point

\X/EVE':”E,'I( !(EEFYNSOIL&ITEI Copyright © Wavetek Microelectronics Corp. 2019, All Rights Reserved. 2019/10/22 40



Complete Power Amplifier Design

Input matching 15 stage Inter-stage 2nd stage Inter-stage Final stage  Output matching
network amplifier  matching network amplifier matching network  amplifier network

Complete your power amplifier!
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> Summary

SUMMARY
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Summary

1. The power amplifier is a critical component in the RF transmission system.
This work demonstrates a step-to-step power amplifier design and raises
several considerations for new designers.

2. To provide a friendly circuit design environment, Wavetek and Keysight
would continually provide improved PDK solutions to all partners.

\X/EVE':”E,'I( !(EEFYNSOIL&ITEI Copyright © Wavetek Microelectronics Corp. 2019, All Rights Reserved. 2019/10/22 43



Welcome to Visit Wavetek Website
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