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Topics to Cover

• Spectrum Overview 
• Mobile Infrastructure
• 5G Phone Architecture & Package Options (Sub6Ghz & mmWave)
• Summary

1

2

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000528



2020/3/11

2

3

Trends Moving Forward – Power and Performance Drivers!!

Captain Kirk Says to Engineering……
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Data Capacity

Response Time

Density
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Source: Qualcomm
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5G Latest Status
• S. Korea and U.S. launched 5G commercial services last Dec, while most regions will start after 2020 and onwards.
• U.S. spectrum auctions for 5G operations are mostly in mmWave bands (>24GHz) while others are mostly 

operated at sub-6GHz spectrum (Must prepare for both spectrums). Jan 27th 2020- US Releases Sub6 Band 3.5Ghz.

Source: Knowles

Frequency Wavelength
GHz inches mm
2.5 4.70 120
28 0.42 11
39 0.30 7.7
77 0.15 3.9
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Near-term

True 5G
Features 
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MM Wave vs Sub 6Ghz
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Mobile Infrastructure
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Mobile Infrastructure
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User Equipment (UE)

• Each Generation
Becomes more
Modular- SiP

• RF Board Separate
• Multiple mmWave

Modules for 
Coverage

• FC, SiP, FOWLP, WLP
, Embedded

Mobile Phone Example
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mmWave

SMALL CELL
REMOTE RADIO

UNIT (RRU)

BASEBAND 
UNIT (BBU)-Base Station

- RF Package Requirement
Freq Dependent <6Ghz, >6Ghz

- Modules, POP, FC, QFN,AOP/AIP

- Receiver/Transceiver
- PA (Massive MIMO)
- Digital FE (FPGA)
- Array Module & 

Small Antenna Pkg

Nokia 
8x8 TX/RX
3.5Ghz
1200Watt

FRONTHAUL

WiGig
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mmWaveROUTER SWITCH METRO CORE DATA CENTER

- Switch IC’s
- FCBGA and FOCoS
- Thermal Key/Pwr Mgmt
- FCMCM 

- Optical/SiPh 
Modules

- FC/High Thermal
- Long Haul
- Short Haul

BACKHAUL

- 2.5D,FOCoS, Chiplets
- Adv. FCBGA-Thermal
- Optical/SiPh
- Power Mgmt

Internet

28nm 16/14nm  10nm  7nm 5nm 
Larger package size (>65x65mm)
Higher power/thermal (>400W)
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5G Phone Architecture
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5G Phone System Architecture

SoC (FC CSP/SiP/POP/FOWLP)

5G APU Module (FCCSP/SiP/POP)

5G mmWave Ant Module (FOWLP, FCCSP, SiP)

5G RF FEM Module(FCCSP,WLP, SiP)

4G LTE BB 
Modem

4G RF 
Transceiver LB/MB/HB  PAMiD

5G BB 
Modem

mmW RF 
Transceiver

PMU

ET

PMU

LB/MB/HB 
Div. FEM

Sub 6 RF 
Transceiver

Application 
ProcessorMobile DRAM

PMU

Flash 
Memory

LTE/Sub6
Antenna

mmWave
Antenna

5G Sub 6 FEM

Connectivity
WiFi / BT / NFC
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5G Package Options
(RF Focus)
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Source-:Yole
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Reliability
• Thermal stress (pre-con/TCT/HAST/HTST)
• Board-level (Drop/TCT/Bending)

Low Dk/Df Material 
• Substrate
• EMC

Dimension control
• Z-height gap control
• X,Y shift control

Thermal 
• Thermal simulation/design capability
• Bottom side thermal path

Warpage control
• Material selection
• Structure design

Antenna architecture 
• One piece
• Proximity stacking
• Hybrid

AiP (Antenna In Package) Assembly Technology- mmWave

Connector integration 
• High Frequency
• Low Loss Interconnect
• System Level Testing

20

 Frequency : 28, 39, 60GHz
 Package size: 11mm x 11mm ~ 44x56 mm
 Technology

 High accuracy alignment stacking
 Stacking capability

 Gap control: +/-30um, CPK>1.33 
 X/Y shift: +/-30um, CPK >1.33 

AiP – Stacked Substrate Example
Type: 
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AiP – Thermal Solution Example –Stacked Substrate
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• Key Challenge on Substrate Interposer 
• Hi-temp warp need to control within 75um  and have better performance

B vendor  interposer warpage

A Vendor interposer Warpage

Substrate Interposer Stacking Capability 
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mmWave Models for Characterization – High Freq Material/Roughness

Ten-point mean Roughness (Rz)

11 uniform size spheres
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Material Model

Permittivity : Djordjević-Sarkar Model

Permeability : Lorentzian Model
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Where  
μs =  Ms/Ha

fa =  γHa/α
Ms : Saturation magnetization
Ha : Anisotropy field
γ : Gyromagnetic ratio
α : Damping factor

Material Model
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Material Mask Prepreg Core

Vender Taiyo Vendor B

Nominal Thickness (um) 20 40 100

Dk at 1GHz
Extracted 3.55 3.60 3.60

Vendor 3.3 3.29 3.52

Df at 1GHz
Extracted 0.010 0.0050 0.0050

Vendor 0.011 0.0029 0.0028

Mask

ENIG

Core

Copper
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Dk & Df Extraction with HS Transmission Lines

Vendor A

Cu Baseline

ENIG

Cu Baseline

Core
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Drum side
Rz : 1.3um

L1 MSL 

L2

Drum side
Rz : 1.3 um

L5 SL 

L4

L6

Drum side
Rz : 3um

L1 MSL 

L2

L5 SL 

L4

L6

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0 10 20 30 40 50 60 70

Lo
ss

 (d
B/

cm
)

Frequency (GHz)

cfg 1-1 cfg 1-2

Cfg 1-1 is less lossy than cfg 1-2
• 0.12 dB/cm @28GHz
• 0.21 dB/cm @64GHz
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Cfg 1-1 is less lossy than cfg 1-2
• 0.16 dB/cm @28GHz
• 0.25 dB/cm @64GHz

Cfg. 1-1 (1.3um) Cfg. 1-2 (3um) Cfg. 1-1 (1.3um) Cfg. 1-2 (3um)

Power loss in %
0.1dB  ~2% 
0.3dB  ~7%

Drum side
Rz : 3 um

Roughness Effect
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Summary
• The RF frequency spectrum is a key driver for user end equipment and infrastructure.   The 

US is a leader in the mmWave spectrum but behind in the sub 6Ghz which will be the heavy 
lifter for wide coverage.

• mmWave spectrum limitations include short transmission length, low penetration rates 
and line of sight requirements while sub 6Ghz main limitations center around limited 
bandwidth range which drives freq coexistence filter needs.

• Several key packaging platforms enable the complete mobile infrastructure including 
advanced SiP, FoCoS, Fan-Out, Flip Chip, 2.5D and Embedded Technologies.  

• For mmWave frequencies, key performance drivers for single, double and SiP module type 
package solutions include low loss material selection, line transmission material roughness 
(skin effect), and transmission length.
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w w w . a s e g l o b a l . c o m

Thank You
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