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IC, Laminate, Package Multi Technology PA
Module Design

Typical Example:

Complex ICs in multi-chip RF modules:

The New iIPad
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http://www.chipworks.com/en/technical-competitive-analysis/resources/technology-blog/2012/03/new-ipad-lte3g/

IC, Laminate, Package Multi Technology PA
Module Design

Typical Example:

Agilent’s X-Series 40 GHz Signal Analyzer Multi
Technology Board
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Multi Technology Example (Agilent EMG)

— Stripline Filter on PC Board
— Designs with SMT packages and bare die components (wire bonded)
— Integrated Circuits Designs and Thin Film Circuit Designs

— Shielding and Isolation walls
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Zooming on the Thin Film IC Interface

Wide Band LO Distributing Amp

b
ar
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Thin Film Coupler / LO Distributing Amp Interface

* 6 Layers Rogers Board

» Octave wideband
coupler

e GaAs LO distributing
amp

* Bond wired and epoxy
SMT Caps (DC)

» Blocking Capacitor -
to Edge connector

/
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Board / Laminate / IC/ SMT / Bondwires

A multi-technology module example requires Full 3D FEM Simulation

Wide band LO distributing amp
swept for use at different band

Bond wires / coupler / IC
interface caused unleveled
ripple in the wide band
output signal
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Presenter
Presentation Notes
This wide band LO distributing amp is swept for use at different bands.  A leveled signal over the whole bandwidth is required for this application
Bond wires / coupler / IC interface caused unleveled ripple in the wide band output signal
Output was shown sensitive to the coupler interface with the input / output bond wires.
Multi Technology 3D FEM simulation was needed to explore and remedy this problem
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IC, Laminate, Package Multi Technology Module
Design Challenges

Design flows are not able to address multiple
technology designs

* |C, laminate, package, and PCB need to be designed
together

 EM interactions between substrates need to be modeled
and accounted for

* The need to move from disjointed tools design flows to
simplified integrated flows
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EM Modeling Process in a Disjointed Design Flow

START
’\ 10 min. Duplicate layer
o information
Tech file 30 min.
A
20 min.
|_
é 30 min.
L] Auto-generate Ports
e
(For complex designs) Hours of
Simulation
10 min.

A

END

20 min.
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Presenter
Presentation Notes
Without the integrated flow with EM, there are a lot of unnecessary steps involved which are error prone, tedious, and time consuming. The flow in this slide shows typical EM flow without integration. It’s complex process that consumes 2 hours of additional time for each simulation run

Disjointed and error prone
Manual processes lengthen design cycle
Requires knowledge of multiple tools
Lack of support for schematic AND layout PDKs
Unidirectional data transfer – no easy way to do verification
No ability to co-design with modules or system
Higher expense on various tools 




EM Modeling Process in an Integrated Design Flow

START

| Apsiayour |

l ADS
_ -

Finish
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Multi-Technology Design Methodology

Multi-technology
Package IC IC EM Simulation

— Discover coupling efforts prior to fabrication 3D view Momentum FEM

oo,
©

— More effectively optimize design elements
for final packaging

— More easily make design trade-offs

— Help diagnose and solve performance
problems

Copyright © 2014
KEYSIGHT Keysight
TECHNOLOGIES Technologies Page 15




Fully Integrated Design Flow in ADS 2011 and 2012

System; Circuit; Physical; Thermal; Planar/3D EM; Wireless Verification

ADS Multi Technology Integrated Design Environment

SyStem allinil ::: N
Specs T

X-param eterq

Final Verification

*Schematic L t

-Statistical =1 In?é;Lrjated 3D LVS / g—p | - Package/ Bond Wires/ Module
i AL inilieN = DRC alisil il .

Wireless Planar & FEM InFegrated 3D Planar & FEM

Verification Tools » Wireless Standards

e Electro Thermal

A A

Models and PDKs
Electro Thermal Simulation

Discover coupling effects prior to fabrication
First Pass Success

Consistent results / high yield Results

Lower development & production costs
Time to Market
Lower Risk

No Walls and no loops in this design process; Fully Integrated Flow;
One designer completes and verifies the full design all in one design environment
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Multi-Technology Design Methodology

Design IC #1 (IPD — Filter) Design IC #2 (LNA)
Advanced Design System 2012.08 (Main) 14 4 10 Advanced Design System 2012.08 (Main) 4 40 10 4
File View Options Tools Window DesignKits Designl File View Options Tools Window DesignKits DesignGuide
wiw Big G WED>mW=% wiv B0 WBD>W=%
Folder View | Library View Folder View | Library View

4 [w|:C\1-Webcast 2012 MT\MT side-by-side\12GHz_Amp_JS wrk

4 [w| C\1-Webcast_2012_MT\MT_side-by-side\Filter_JS_wrk
4 |, 1- Filter circuit simulation
> [€] Ku-bandFilter
#4 Ku-bandFilterdds
> [€] Ku_Filter_TopLevel
#¥ Ku_Filter_ToplLevel.dds

F |

. LMA_Circuit Simulation
4 [t Ku_band_LNA_JS

W8 Ku_band_LNA_JS.dds

[en] emSetup
¥ itemdefael
layout
schematic
{> symbol

Advanced Design System 2012.08 (Main) 'mﬂ

wiv WG WD W=
Design Package/Laminate Folder View | Library View

File View Options Tools Window DesignKits Del

[
|

. Unused Substrates
4 (¢! Big_QFN_Pkg
M emSetup
B itemdefael
layout

4 [w| C\1-Webcast_2012_MT\MT_side-by-side\Packagsg
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Multi-Technology Design Methodology

Bring in all the libraries together
and build the whole assembly

Advanced Design System 2012.08 [Main}lm.. |

File View Options Tools Window DesignKits DesignGuide H

wiw B WBD>W=%
Folder View Library View

4 [w/ C\1-Webcast_2012 MT\MT _side-by-side\MT_Assembly JS wrk

4 [ 1- Assembly
4 | Module Assembly /\
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L] l::duIE'_J»’i’.5.5.E-n’1l:ulyur ( I& Manage Libraries sl s anth & -
emModel
Libram frary definition fles used by this workspace.
] emSetup
B¢ itemdefael P B
Iayout 4 [wl |ib.defs CA\1-Webcast_2012_MT\MT _side-by-side\MT_Assembly_JS_wrk\lib.defs
h ti [ 1. analog_rf.defs $HPEESOF_DIR\oalibs\analog_rf.defs
] SChematic > i dspdefs $HPEESOF_DIR\0alibs\dsp.defs
> symbol b lib.defs $HPEESOF_DIR\examples\DesignKit\DemoKit_Non_Linear\DemoKit_Non_Linear_v2.0\lib.defs
A Module_Assembly.dds il LNA _Filter MT lib LNA_Filter MT lib
Eq MDduIe_Assembly_FEM.dds >l lib.defs $HPEESOF_DIR\examples\DesignKit\DemoKit_V3\lib.defs
Rq MDC'UlE_ASSE‘mbl}I’_FEM_C.ddS L lib.defs .\Package_JS\lib.defs
> lib. \Fi ib.
> B 2- Par:kage ) I!b defs \Filter_JS_wrk\lib.defs _
[ lib.defs AM2GHz_Amp_JS_wrk\lib.defs
0 3- Amp
[ | 4‘ Filter 4 | i | 3
IAdd Library Definition Flle...i [Add Design Kit from Favori.t&s...l l Add Library... l lConﬂgure Li.brary...l l Remove l
l Close H Help ] I
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IC, Laminate, Package Multi Technology PA
Module Design
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Multi technology Examples
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Improved Design Methodology

R
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« Single chip module

e  Multi chip module

Flip chip /solder bumps module
 Transceiver module

e Electro thermal simulation

5. Conclusion
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Example: Packaged LTE PA on Laminate

—Two Stage LTE PA built on a GaAs substrate
* Placed onto a DFN package and mounted on a laminate board.
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Packaged MMIC PA Design Example

Case 1 Case 2

Case 3

Case 4

Momentum

Circuit

MMIC
Momentum

._

+ Package

FEM

Whole assembly FEM

Case 1: MMIC PA - Circuit models Simulation
Case 2: MMIC PA — Momentum Simulation

Case 3. Combine MMIC Momentum & FEM of Package
Case 4: FEM on the Whole Module
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Packaged MMIC PA Design Example

Cases 1 & 2 on MMIC chip Comparing Simulation Results on the PA dB(S21)

28

)
(2,1)

S(2,2
S(11
S(2.1

o Level S(2,2)
p_Level.
p_Level.

MMIC_PA_To
MMIC_PA_To

dB(AD_MMIC_PA_To
dB{A0 ]
dB(A0]

IC - Circuit models

- Momentum
=

Small Signal Simulation

&
//1/00

S R m—

25—

20—

15—

Solid Traces: Momentum
Dashed Traces: Circuit models

/ o
S freq shift in $11
-30 T 1T | T T 1T | T 1T | T 17T | T 1T | T 17T | T T 1T | T 17T | T TTT | T T 17T
1.5 16 1.7 18 19 20 21 22 23 2.4 25
freq, GHz

Input Matching Network is shown to exhibit coupling effects (freq shift)
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Packaged MMIC PA - Results
Four different simulation results (case 1-4)

MMIC

Black: Circuit Model
Green: Momentum

MMIC + Package

Blue
IC_Mom + Pkg FEM

Red
Whole Module_FEM

KEYSIGHT

TECHNOLOGIES

Comparing Simulation Results on the PA dB(S21)

28
IC - Momentum
/ Rﬁ
277/'_
=< 26]
Ny ~ S
= IC - Circuit models
E‘;|§: 25—‘_‘-‘-‘.—_—
%gg Package_FEM +
£EE>
2g4="
l= &
Eﬁ.ﬁﬁ 23 Whole Module Assembly | FEM
d}_<w
P
Loz © 223
== <
& ==
=2 214
Swg ; :
=L@ Freq Shift due to bond wires.
x . .
oz 20 Less gain due tomismatchloss
=] .
19 &lsubstrate coupling.
L AR R AR Rt R R AR
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freq, GHz
Cases: 1-4
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Compare Module FEM Results with (Pkg_FEM + MMIC_Momentum) and with Circuit simulation results
a0

Circuit
2O ——— s o e e e

20 —
" 15]

104

FEM

[ Circuit
1
S
. . “‘::}::“ f-”’.
275 ] Circuit. ™ = - e H‘h-.._._____ Fko(FEM] + “’_WJQWUWE”'EUW]
"“--...,_‘__h’__,.-
'SEI T T T T T T T T T
1.5 1.6 1.7 1.8 1.9 2.0 21 22 2.3 24 248
freqg, GHz
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Packaged MMIC PA Design Example Results

71 Pout .

% 38 35 24 32 30 18 s 4 12 10 & -6 4 -2 0 2 4 5
Pin
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QFN Designer in ADS

Predict Packaged Performance in Minutes

Configure QFN package

UIJI!I‘UHLIH

LR

LR

‘FARNNNN

Quickly synthesize complex package,
combine with IC & PCB data
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ANnan

NN

=/ nXm_SolderPads_QFN_Chip:2

and with bond wires

& 9 10 11 12 13
freq, GHz

. e
MMIC in Package \\M_",f MMIC

-

14 15

Performance w/ & w/o package
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Amkor Package Design Kit for ADS
Predict Packaged Performance in Minutes

Configure QFN package

-40':|||"|||".||||||||||||:||||'||||:'

Quickly synthesize complex package, & o 10 1 12 13 14 15
combine with IC & PCB data freq, GHz
Performance w/ & w/o package
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IC, Laminate, Package Multi Technology PA
Module Design

Agenda

Multi technology Examples
Design Challenges

Improved Design Methodology

R

lllustrate with few applications
« Single chip module

e  Multi chip module

Flip chip /solder bumps module
. Transceiver module
. Electro thermal simulation

5. Conclusion
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Bounding the IC within the
Package/ Laminate Assembly
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A Word on Bounding the IC using “Boundary Area
Layer”

— Layout has no Bounding Area

— 3D view shows the MMIC substrate
extending out through the bond wires

(Results in inaccurate FEM simulation results)
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Multi Technology Module Setup with Bounding the IC

— Bounding Area layer box has been added in the Layout as shown.
— 3D view (next page) shows the bounding of the MMIC for FEM simulation

DemoKit_Mon_Linear - hd J_— i - v,S Bounding_Area:draw ~
R=17 == 1o

femsewp -] X few Iz (W (@&
sl il NG AT SR AHFITIIEZEE PE B 2 9888 ?

DDDDDDDD @
[ S R AIR
AP i -
nnnnnnn E; o . i / Eergom :w 3
RES ) V\a,Pass M’ / E‘ mo_Poly
= e mic
DDDDDDDD
; H ) Viall 1 ’2'//_. ‘/ 0.1 micron
Fal E =L Mo -+ Demo it
@“ & \.na it 0.12 micron
G- i derno-dummy” o
EVIA H FFFFFF = Bovia M M W 100 micron
MO-M1 MI-M2
¥ DERD Foemo -
O H by Entire Substrate
MMMMM
¥ oero Foemo . -
aE [ = Bounding area layer: |Bounding_Area (39) -
PTG || TLKE
DEMO ¥ DERG
L o A
" cerio H ¥ DEm
— "‘:| |:I
S || e
¥ oeno
CROSS CURYE
50 Fremo
EEND ém
uuuuuuuuuu
g
-
nnnnn BORDER

Select a substrate item to see
more information about that item.
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Multi Technology Module Setup with Bounded IC

— 3D view shows how the use of “Bounding Area Layer” (last page) has
resulted in bounding IC substrate (cookie cut) for FEM simulation
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Multi Technology Module Setup
With and without Bounding area layer

Before adding Bounding Layer to the IC After adding Bounding Layer to the IC
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Multi Technology FEM Simulation Set up
Ku band LNA (PDK1) followed by Ku band Filter (PDK2)

PDK2 layer stack up

. . 101,34
Metal3 H\rlau'ass
mws FU—
viaz mev - 101,22
MIM: Vial
102014 : H 2
- 100,22
.| Metal2 H\rld)l o
Viat Eumv . - 100.12]
mmmmmmm
100.029] ot = Via_Nit1
Al Post mesa nier dlemio-dummy
e 3 = 1002 == =2, ==,
Metall TFRL THH ~ [RAIN GATE H
100 e e
ﬂvwmﬁr -
ltl THICTOfY

Laminate & Package layers

A
Is

4= .
I ]jor M_lower _pas
03 :
J‘deﬂr paste
0.25 :

ped =
: = f )
T e [ _ Two Bounded IC’s
imeter I
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Multi Technology Module Layers Stack up
Nested Technology substrates

IC #1 layer stack up IC #2 (IPD) layer stack up
o W 101.34
j;]\d'iaz MIM3V i i Via_pass W
102014 T vial_2
Metal2 100.22 M
102 - Via0_1 w
- Vial MIM2V w” 100.12 - Jiad
029 - T T ia_Ni M M 4 _?ummy
. AirPo: tWI ‘ 7}9??’)17@79&"% 100 v T T T
ViaSubst 0 micron
0 micron /
SNic# 1c#’ Mounted 1
ounte S
) - P p |-
. i | OFNwpper p CNA Fitter B QFN Package
04
OFN-lower—pads | - Iayers
03 S I
_,Sﬁldcl 5t§
0.25 — P’r/:l‘/ =
}W Bomd-Via— | F Laminate layers
0 millimeter -
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Multi Technology 3D FEM Simulation in ADS 2012

Substrate stackup

IC#1

10 P :
Via2 MIMEN
H MIM3—
10204 = =
12

100,023

jlas]

micren

=
=
Wial HMIm2y
MIMZ Ariet
ey

HairPost

B
V\aEu:st
&
g

Package

Laminate
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==

a
/,= 10134
Y e —————————————— w-waas o
'\ 1020 it
SN - N Hwa_z i
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S NN e ) N T
l’ 100,12 e
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IC, Laminate, Package Multi Technology PA
Module Design
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Multi technology Examples
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Improved Design Methodology
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e  Multi chip module

Flip chip /solder bumps module

. Transceiver module
. Electro thermal simulation

5. Conclusion
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Flip Chip / Flip Package onto Board

Flipped Package ready to mount onto a board

Flipped IC chip mounted inside
package cavity
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Flip Chip / Flip Package onto Board

Flipped Package mounted onto a board

2, E=S

Copyright © 2014
Keysight
Technologies

KEYSIGHT

TECHNOLOGIES

Page 39



Flip Chip / Flip Package onto Board

Flipped Package mounted onto a board

y
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Flip Chip / Flip Package onto Board

Flipped Package mounted onto a board — side view

»
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Flip Chip / Flip Package onto Board

&%
§©~ AIR
RN RES
Q-
& Chi
55 0~ P
_ 1‘:{/ O ,a(eﬁ 5 micron
via /’ AR PN
,r‘ // "00\306‘ 52 50 micron
R4 - / A& (\?;‘(63
0 micron 4 »7 ©° A7 AIR
% e o
U4

Flipped IC chip to be mounted inside
package cavity
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Flip Chip / Flip Package onto Board

Flipped IC chip mounted
inside package cavity
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@(@@; 5 AIR

d
e Chip

0
;;,{ﬁ\ 52 5 rnicron
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i) wf@fg}‘ Chip
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Flip Chip / Flip Package onto Board

Flipped Package and Chip onto a laminate board

laminate board
FR4 material

\ 3@3
e

A

00 o
% AFY BT FR4

n3 . A -
T package 0.3 millimeter
i via —top
0 millimeter
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IC, Laminate, Package Multi Technology PA
Module Design

Agenda

Multi technology Examples
Design Challenges

Improved Design Methodology
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lllustrate with few applications

« Single chip module

e  Multi chip module

*  Flip chip /solder bumps module

. Transceiver module

. Electro thermal simulation
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Example: Transceiver using Multi Technology

— Transceiver consists of mainly seven major technologies:

1.

2.

Antenna: single layer C-band microstrip patch antenna
Power Amplifier - X-parameter file of MMIC power amplifier

LTCC BPF : 3 pole filter based on 6 layer LTCC technology

3D SMA Connector from EMPro library

Standard QFN Package for LNA and switch

MMIC SPDT switch

MMIC LNA
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Transcelver Cross Section View

SPDT Flip Chip

LNA Flip Chip

SMA Connector

Packaged
Power Amp

Patch Antenna DC Lines

Backside
Microstrip
Patch Antenna
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EMPro 2012 3D EM Components
Improved ADS Integration ADS Layout (3D View)

ADS =

Advanced Design System 201110 (Main)  [=/iEhjn

File View Options Tools Window DesignKits
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Transcelver Parts and Technologies

— Total 12 equivalent layer board
— 7 different technologies

— 2 stack up + 4 side by side technologies
— EMPro design as lib component
— 3 different layout units

MMIC SPDT [ | Tt ® ;
Substrate
MMIC LNA
¥ . Substrate
R = — T
I" : ':‘“ﬁ',_..__. T :: el
- = ” - : - A .
SPDT + Package LNA + Package
Substrate Substrate
Ip/ﬁl/ :PFICI/ . I/I ? I I ina
Eh I fBﬁV e ;R
AIR il 1 millimeter o e i
0 .rfe)i/ > Aurina ! mian F}l'/ L i L-/ AR H.E' E'-u f |..| :-': i;j"
e TE -
Antenna Substrate LTCC LPF = E; | e 5 ki
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IC, Laminate, Package Multi Technology PA
Module Design

Agenda

Multi technology Examples
Design Challenges

Improved Design Methodology

R

lllustrate with few applications

« Single chip module

e  Multi chip module

Flip chip /solder bumps module
 Transceiver module

. Electro thermal simulation

5. Conclusion
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New Electrothermal Solution in ADS2012

_ ADS Schematic ADS Layout
- Improves high power MMIC / RFIC :

deS|gnS e LERA s re y 2 _i-w S 3nAyss
. ‘ ’ . . = TT = _;_:_L
— Delivers ‘thermally aware’ circuit N e W
simulation results = B i
S daf 2[s]
- Includes effects of package and PCB | e B —e————

— Easy to set up and use from within
ADS

— Works with all simulation types: e
DC, AC, SP, HB, Transient, Envelope i

Integrated Thermal Solver
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New Electrothermal Solution In A

-.-w—,_,_“,—w._.n-_m—n—,-h.

382012

N
N—

Thermal
technology
files

Circuit Simulator
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New Electrothermal Solution In AD82012

........ ,‘...1.... .,.g.p....-..

Circuit Simulator

simulate to convergence
write power dissipation

TDEVICES

N
N—

Thermal
technology
files

R

I:)DISS
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Thermal Simulator
read power dissipation
create heat sources
solve thermal equation
write temperatures
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New Electrothermal Solution In AD82012
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Circuit Simulator ﬂ:,h Thermal Simulator

read temperatures read power dissipation
use previous solution create heat sources

simulate to convergence solve thermal equation
write power dissipation "o write temperatures

Iteration loop is
done automatically
until powers and
temperatures are
self-consistent
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Temperature Profile — Active Base Region
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Output Results
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Time-Domain Results
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Electro Thermal Simulation
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Electro Thermal Simulation
2-Stage GaAs LTE PA
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Electro Thermal Simulation — Heat Flux
2-Stage GaAs LTE PA
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Electro Thermal Simulation Results
2-Stage GaAs LTE PA
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Electro Thermal Simulation Results
HB DC current at Hot Vs Room Temp

HB DC current at "Hot" and at "Room Temp'
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Electro Thermal Simulation Results
Harmonics at Hot Vs Room Temp
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IC, Laminate, Package Multi Technology PA
Module Design

Agenda

Multi technology Examples
Design Challenges

Improved Design Methodology

R

lllustrate with few applications

« Single chip module

e  Multi chip module

Flip chip /solder bumps module
« Transceiver module
 Electro thermal simulation

5. Conclusion
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Integration Challenges with Multi-Technologies
The Ultimate “Device” Characterization Challenge
Behavioral Multiple IC’s of

model for PAIC different fabrication
(X-parameters) technologies

Passive EM
Simulation of

Model Package, Entire Laminate

solder bumps,

bond wires
Model / \ Chip, module,
connector board

interactions

Amalfi AM7802
PA Front End Module
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Summary

Advanced
— RF design has moved to complex ICs in Design System

I- i Premier High-Frequeety an
multi-chip RF modules S peton ot gl S

— Today'’s design flows are not able to
address multiple technology design

- The IC, laminate, package, and PCB need

: W Complete Front to Back D .'".. NN
to be deSIQned tOQEther Flow to Manufacturing -
B Multi-Technology Design
— Electro-magnetic interactions between M Integrated 30 EM

Bondwire Analysis
Packaging
Substrate Fringing Elfects

substrates need to be modeled

— ADS 2012 EDA software is able to address
these multi-technology design challenges

Keysight EEsof EDA
“Innovative Solutions,
Breakthrough Results”
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Hands-on Workshop Available

— A Hands-on Workshop is
available for training

FreeSpace
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Workshop Outline

Section 1 Starting a New Workspace “Module” Page 5

Section 2 Adding Libraries to our Module Workspace Page 12
Section 3 Creating a new Cell for Module FEM simulation Page 21
Section 4 Nested Technology / View Specific Configuration Page 28
Section 5 Nested Technology Setup Page 31
Section 6 Building the Module Assembly Page 41
Section 7 Placing and Configuring the Bond Wires Page 46
Section 8 Creating the Module Layer Stack-up Substrate Page 52
Section 9 Defining the IC Bounding Area for FEM Simulation Page 63
Section 10 FEM Simulation Set-up and Results Page 76
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You Are Invited

L
Innovations in EDA Webcast Series

Power Amplifier Design’
with X-Parameter

Power Transistor Muﬂéls

September 6 - 10 AM (Pacific Ti'.r_n'

www.keysight.com/find/eesof-innovations-in-eda
www.keysight.com/find/eesof-webcasts-recorded

KEYSIGHT

TECHNOLOGIES

Dr. Larry Dunleavy, President &
CEO Modelithics Inc.
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