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Reliability Evaluation Report
Standard Consumer Grade Qualification
F128 BLUENRGQTR
F157 BLUENRG-134

F157 BLUENRG-132
F174-BLUENRG-232
F174-BLUENRG-248

General Information Locations
Product Line F157, F128,F174 Wafer fab TSMC Fabi14
Bluetooth Low Energy

Product Description Wireless Processor

BLUENRG-134 SUBCO ATP3, UTAC
BLUENRG-234 Assembly plant Thai
P/N BLUENRGQTR
BLUENRG-232
BLUENRG-248 Reliability Lab Grenoble GRAL
Product Group AMG
Product division General purpose analog Reliability assessment Pass
Package VFQFPN 5x5x0.9 32L-

Silicon Process technology CO90LP+flash

PRODUCTS LIST

Product line P/N Package Assy Plant

BLUENRGQTR
F128 BLUENRG-MSQTR VFQFPN 5x5 32L SUBCO ATP3

BLUENRGCSP

BLUENRG-MSCSP Wafer level CSP Subco ATT1

F157 BLUENRG-134 Wafer level CSP Subco ATT

BLUENRG-132 VFQFPN 5x5 32L UTAC Thai

BLUENRG-232 VFQFPN 5x5 32L Subco ATT

F174 BLUENRG-234 Wafer level CSP UTAC Thai

BLUENRG-248 VFQFPN 6x6 48L UTAC Thai

Note: This report is a summary of the reliability trials performed in good faith by STMicroelectronics in order to evaluate the potential reliability risks during
the product life using a set of defined test methods.

This report does not imply for STMicroelectronics expressly or implicitly any contractual obligations other than as set forth in STMicroelectronics general
terms and conditions of Sale. This report and its contents shall not be disclosed to a third party without previous written agreement from STMicroelectronics.
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1 APPLICABLE AND REFERENCE DOCUMENTS

Document reference Short description
JESD47 Stress-Test-Driven Qualification of Integrated Circuits
ADCS0061692 Reliability Tests and Criteria for Product Qualification
2 GLOSSARY
DUT Device Under Test
PCB Printed Circuit Board
SS Sample Size

3 RELIABILITY EVALUATION OVERVIEW

3.1 Objectives

The Aim of this report is to present reliability trials performed on F128 BlueNRG (MSQTR and MSCSP), F174
BlueNRG (232/234) and F157 BlueNRG (132/134) products in order to reach qualification. BlueNRG is a Bluetooth
Low Energy Wireless Processor based on ARM Cortex MO core.

3.2 Conclusion

Reliability trials have been performed with good results on both versions. Neither functional nor parametric rejects
were generated by HTOL1000h and the drift analysis on 78 parts did not reveal any suspect behavior. ELFR did
not reveal any extrinsic reliability issue. Package oriented tests are conclusive and no delamination was discovered.
ESD & Latch-Up are in accordance with ST specs.

F128 BlueNRG, F174 BlueNRG (232/234/248) and F157 BlueNRG-134 and BlueNRG-132 products are qualified.

Reliability evaluation report
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4 DEVICE CHARACTERISTICS

4.1 Device description

‘ 'l lite.augmented

BlueNRG

Bluetooth® low energy wireless network processor

QFN32 (5 x 5 mm)

Features

Bluetooth specification v4 0 compliant master
and slave single-mode Bluetooth low energy
network processor

Embedded Bluetooth low energy protocol
stack: GAP, GATT, SM, L2CAP, LL, RF-PHY

Bluetooth low energy profiles provided
separately

Operating supply voltage: from 20to 3.6V
8.2 mA maximum TX current (@0 dBm, 3.0 V)

Down to 1.7 pA current consumption with
active BLE stack

Integrated linear regulator and DC-DC step-
down converter

Up to +8 dBm available output power (at
antenna connector)

Excellent RF link budget (up to 96 dB)
Accurate RSS5I to allow power control
Integrated general-purpose ADC

Proprietary application controlier interface
(ACI), SPI based, allows interfacing with an
external host application microcontroller

Full link controller and host security

Datasheet - preliminary data

» High performance, ultra-low power Cortex-M0
32-bit based architecture core

+ On-chip non-volatile Flash memory
» AES security co-processor

» | ow power modes

= 16 or 32 MHz crystal oscillator

* 12 MHz ring oscillator

* 32 kHz crystal oscillator

* 32 kHz ning oscillator

= Battery voltage monitor and temperature
sensor

= Compliant with the following radio frequency
regulations: ETS! EN 200 328, EN 200 440,
FCC CFR47 Part 15, ARIB STD-T66

» Available in QFN32 (5 x 5 mm) package
» Operating temperature range: 40 °C to 85 °C

Applications

= Watches

» Fitness, wellness and sports
 Consumer medical

* Securnty/proximity

» Remote control

» Home and Industrial automation
= Assisted living

+ Mobile phone penpherals

+ PC penpherals

Table 1. Device summary

Order code Package Packing

BLUENRGQTR QFN32 Tape and reel

August 2013

DociD025108 Rev 1 1434

This is preliminary information on a new product now in development or undergoing evaluation. Details are subject o wwwe st.com
change without notice.

Reliability evaluation report
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BlueNRG-1

Bluetooth® low energy wireless system-on-chip

Y 2 4

WLCSP34

@

QFM32

Features

Bluetooth specification compliant master,
slave and multiple roles simultaneously,
single-mode Bluetooth low energy system-
on-chip

Operating supply voltage: from 1.7 to 3.6
Integrated linear regulator and DC-DC step-
down converter

Operating temperature range: 40 °C to 105
°C

High performance, ulira-low power Cortex-
MO 32-bit based architecture core
Programmable 160 KB Flash

24 KB RAM with retention (two 12 KB
banks)

1 x UART interface

1 x 5Pl interface

2 x PC interface

14 or 15 GPIO

2 % multifunction timer

10-bit ADC

Watchdog & RTC

O controller

PDOM stream processor

16 or 32 MHz crystal oscillator

32 kHz crystal oscillator

Diatashest - production data

32 kHz ring oscillator

Battery voltage monitor and temperature
SENsor

Up to +8 dBm available output power (at
antenna connector)

Excellent RF link budget (up to 96 dB)
Accurate RS5I1 to allow power control

5.2 m& maximum TX curmrent (@ 0 dBm, 3.0
V)

Down fo 1 pA cument consumption with
active BLE stack (sleep mode)

Compliant with the following radio frequency
regulations: ETSI EM 300 328, EN 300 440,
FCC CFRA4T Part 15, ARIB STD-TG6
Pre-programmed bootloader via UART
QOFM32, WCSPA package option
Dedicated wettable flank QFMN package for
automotive grade qualification

Applications

Automotive product
Watches
Fitness, wellness and sporis
Consumer medical
Secuntyfproximity
Remote control
Home and industnial automation
Assisted living
Mobile phone peripherals
Lighiting
PC peripherals

Table 1: Device summary table

Order code

Package Packing

BLUEMRG-132

QFM3Z2

(5 x 5 mm) Tape and re=l

BLUEMRG-134

WLCSP34 Tape and resl

BLUEMRG-132Y

QFM32
(5 = 5 mm)}
Automotive
grade Level

Tape and resl

Reliability evaluation report
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BlueNRG-2

Catasheet

LCE

BluahRG-2

Bluetooth® low energy wireless system-on-chip

Features

=  Bilustooth low enengy single mode system-on-chip compdiant with Bluetooth 5.0
specifications:

—  master, slave and multiple simultaneous mées
—  LE data packet length extenson

= Dperating supply voltage: from 1.7 0 38V

= Integrated Enear reguiator and DC-DC step-down converter

= Operating temperature range: 40 "C to 105 °C

= High performance, uitra-low power Cortex-M0 32-bit based architecture core
Programmabde 256 kB Flash

= 24 kB RAM with retenbion (two 12 kB banks)

= 1z UART interface
1 x 5P interface

= 2x P interface
4. 150r 26 GPIO=

= 2 ¢ multfunciion timer

= 10-bit ADC
Watchdog and RTC

= DOMA controller
PO stream processor

= 16 or 32 MHz crystal oscillator

= 32 kHz crystal oscillator

= 32 kHz ring oscilator

= Battery voitage and temperature sensors

= Lpto +8 dBm avaidable cutput power (at antenna connector)

= Exceflent RF link budget (up to 86 dB)

= Accurate RSS! to allow power confrod

= B.3mA TX current (@ -2 dBm, 3.0V}

»  Diownto 1 pA cusrent consumption with aciive BLE stack {sleep mode)

= 5T companion integrated bafun'filier chips are avalable
Awerage adverisement curment consumption 1524 pA (advertisement intena
1000 ms)— 1 year, 8 months, 18 days with 230 mAh battery (CR2032)
Awerage connechon curment consuemption 7052 pA {connecton intenval 1000
ms) —3 years, 10 months, 12 days with 230 mah batbery (CR2032)

= Suitable for bulding applications compliant with the following radio
regulations: ETSI BN 300 328, EM 300 440, FCC CFR4T part 15, ARIB 5TD-
Ta6

= Pre-programmed bootioader via UART

= OFMN32, OFMN4E and WCSP34 package options

Applications
+  Waiches

Reliability evaluation report
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4.2 Construction note

Line:

F128 BLUENRG 1mil

F128 BLUENRG 0.8mil

F128 BLUENRG CSP

F157 BLUENRG-132

F157 BLUENRG-134

F174 BLUENRG-

F174 BLUENRG-
234

Comm. Product:

BLUENRGQTR

BLUENRGQTR

BLUENRG CSP

BLUENRG-132

BLUENRG-134

BLUENRG-232

BLUENRG-234

Wafer level CSP pitch0.4

VFQFPN 5X5X1.0 32L

Wafer level CSP

VFQFPN 5X5X1.0

Wafer level CSP

Package Type: VFQFPN 5.0x5.0x0.9 32L- VFQFPN 5.0x5.0x0.9 32L- pitch0.4 3L pitch0.4

Die Size: 2600 x 2500 um 2600 x 2500 um 2660 x 2560 pm 2710 x 2580 pm 2710 x 2580 pm 2710 x 2580 pm 2710 x 2580 pm
Diffusion Plant: TSMC Fab14 TSMC Fab14 TSMC Fab14 TSMC Fab14 TSMC Fab14 TSMC Fab14 TSMC Fab14
Assembly Site: SUBCO ATP3 SUBCO ATP3 SUBCO ATT1 UTAC Thai SUBCO ATT1 UTAC Thai SUBCO ATT1
Test Site: GRENOBLE GRENOBLE GRENOBLE GRENOBLE GRENOBLE GRENOBLE GRENOBLE

Fab Process: CMOS90LP+Flash CMOS90LP+Flash CMOS90LP+Flash CMOS90LP+Flash CMOS90LP+Flash CMOS90LP+Flash CMOS90LP+Flash
Passivation: PSG + NITRIDE PSG + NITRIDE PSG + NITRIDE PSG + NITRIDE PSG + NITRIDE PSG + NITRIDE PSG + NITRIDE
Die backside: Raw silicon Raw silicon Raw silicon Raw silicon Raw silicon Raw silicon Raw silicon

Die Attach: Ablestick AMK-6 Ablestick AMK-6 NA Henkel 8600 NA Henkel 8600 NA

Mold Compound: Sumitomo G700 Sumitomo G700 NA SUMITOMO 6700 NA SUMITOMO 6700 NA

Lead Frame: Copper Copper NA Copper NA Copper NA

Lead Finish: NiPdAU NiPdAU Bump leadfree Sn Bump leadfree sn Bump leadfree

Package Size and Pitch:

VFQFPN 5.0x5.0x0.9 32L-E
p0.5

VFQFPN 5.0x5.0x0.9 32L-E
p0.5

Wafer level CSP pitch0.4

VFQFPN 5X5X1.0 32L

Wafer level CSP
pitch0.4

VFQFPN 5X5X1.0
32L

Wafer level CSP
pitch0.4

Bond Wire:

Gold 1IMIL

Gold 0.8MIL

NA

Gold 0.8MIL

NA

Gold 0.8MIL

NA

Reliability evaluation report
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5 TESTS RESULTS SUMMARY

5.1 Test vehicle

L;;t Process/ Package Product Line Comments
1 QFN32 5x5 1mil F128 BLUENRG

2 QFN32 5x5 1mil F128 BLUENRG

3 QFN32 5x5 0.8mil F128 BLUENRG

4 | WLCSP pitch 0.4mm F128 BLUENRG

5 |WLCSP pitch 0.4mm F128 BLUENRG

6 QFN32 5x5 0.8mil F157 BLUENRG1

7 | WLCSP pitch 0.4mm F174 BLUENRG2

8 QFN32 5x5 0.8mil F174 BLUENRG2

Detailed results in below chapter will refer to Lot #.

5.2 Test plan and results summary

. | Failure/SS | Note
Test | PC Std ref. | Conditions | SS | Steps | Lot1 | Lot2 | Lot3 | Lo —I- Lot5 | Lotg | Lot7 | Lot_s |
Die Oriented Tests
JESD22 168H 0/74 | 0/78 0/73 0/95
HTOL N A108 Tj =125°C, BIAS 500H 0/73 | 0/78 0/73 0/95
1000H 0/73 0/78 0/73
168H 0/80 - - 0/78 0/78
HTSL | N eres Ta=150°C 500H | 0/80 | - - 078 | 0/78
1000H 0/80 - - 0/78 0/78
ELFR N JESD74 Tj = 125°C, BIAS - 0/480 0/239 -
| Package Oriented Tests
MSL3: Bake 24H @ 125°C
Soak 192H @ Ta=30°C
PC J/ES1[1)§2 RH=60% Final Pass - Pass Pass Pass
Oven Reflow @ Tpeak=260°C,
3 times
JESD22 o 96H - *0/80 *0/79 *0/80 N
AC Y A102 Pa=2Atm/ Ta=121°C 168H 78 UHAST
JESD22 100cy - - 0/80 0/70 0/76
TC Y A-104 Ta =-65°C to 150°C 500cy 0/78 - 0/80 0/70 0/76
1000cy 0/78 - 0/80 0/70 0/76
168H 0/76 -
THB | VY IES082 | Ta=85°C, RH=85% BIAS 500H | 0/75
1000H 0/75 - -
1 [Other Tests
ADCS 2kV 2kV
0060102 HBM +3KV - - Pass -
(JESD22- 1000V 1000V
A114)
ADCS +1.5KV
eso | N 0060102 CDM 4o0v
(ANSI/ESD
STM5.3.1)
ADCS
0060102
(JESD22- MM +300V - - 160V
A115)
ADCS Current Inj. +200mA Pass Pass
LU N 0018695 Overvoltage x15 | Fass| - - Pass

Reliability evaluation report Page 8/18
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6.1 Device details

6.1.1 Pin connection

BLUENRGMSQTR
Eoc
O |
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I _lpn oo 1 n
o oWy =201
N N> 0NZ n X
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SPI_ CLKpP ! I ] SXTALO
SPILIRQP 1 GND : ] SXTAL1
TESTIP pad : dRFO
VBAT3D ! i {RF1
TEST2 P l I dVBAT2
TEST3IpP ! ' FXTALO
TEST4 [ '===========------ ' O FXTAL1
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28888083
FFFOFF2E
> !
<
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BLUENRGMSQTR
GAMEDZ0314152050
FIOOOOO0O
EIOOOQOOO
DIOOOOOO
c|lO00O O
B(OOOOOO
AlQOOOOOO
12 3 456
Pins
Name [[e] Description
QFN32 WLCSP
1 E2 SPI_MOsI I SPI_MOSI
2 E1 SPI_CLK I SPI_CLK
3 D2 SPI_IRQ Q SPI_IRQ
4 D1 TESTI1 le} Test pin
5 c1 VBAT3 VDD 1.7-3.6 battery voltage input
6 cz2 TEST2 le} Test pin connected to GND
7 B1 TEST3 le} Test pin connected to GND
8 B2 TEST4 lo} Test pin connected to GND
9 Al TESTS le} Test pin connected to GND
10 B3 TESTE 1o Test pin connected to GND
11 A2 TESTT le} Test pin connected to GND
12 A3 VDD1V8 (o} 1.8 V digital core
13 A4 TESTS le} Test pin not connected
14 A5 TESTY le} Test pin not connected
Test pin not connected (QFN32
1 B4 TEsTH Vo Test gin connected to G(ND (WL}CSP)
Test pin not connected (QFN32
16 B9 TEsTIZ Vo Test gin connected to G(ND (WL)CSP)
17 AB FXTAL1 I 16/32 MHz crystal
18 B6 FXTALO I 16/32 MHz crystal
19 - VBAT2 VDD | 1.8-3.6 battery voltage input
20 ce6 RF1 o Antenna + matching circuit
21 D6 RFO le} Antenna + matching circuit
22 E6 SXTAL1 I 32 kHz crystal
23 ES SXTALO I 32 kHz crystal
24 D5 VBAT1 VDD | 1.7-3.6 battery voltage input
25 E4 RESETN I Reset
26 F6 SMPSFILT1 o} SMPS output
27 - NO_SMPS I Power management sirategy selection
28 F5 SMPSFILT2 /o SMPS input/output
29 F3 VDD1V2 o 1.2 V digital core
30 E3 TEST10 /o TEST pin connected to GND
31 F2 SPI_CS I SPI_CS
32 F1 SPI_MISO o SPI_MISO
- Cc3 GND GND | Ground
- D3 GND GND | Ground
- D4 GND GND | Ground
- F4 SMPS-GND GND | SMPS ground

Reliability evaluation report
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BUENRG-132
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Block diagram

VBAT1 [XH Test mode

VBAT2 E:

VBATS3 [XH; Bluetooth Test Operative
SMPSFILT1 [XH T Low Energy mode  mode
SMPSFILT2 E: sttt Processor Test pin  GND

NOSMPS 9 & Memories
vbD1v2 [KH! GPIO1  GND
vooivs BH GPIO2  GND
RESETN E‘ GPIO3 GND
AES GPIO4  GND
CO-processor GPIO5 GND
RFO XM
RF1 [RH RF Temperature
Transceiver Sensor ABE HXIAUXADCP
— -PJAUXADCN
Monitor
FXTAL1 16/32 MHz 16 MHz -Eépll_IR(?SI
FXTAL2 Crystal osc. RC osc. Application PI_M
< Controller Si1-Ts0
SXTAL1 SPI_CLK
32 kHz 32 kHz =
SXTAL2 E— Crystal osc. RC osc. Interface SP1_CS
Clock Management
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6.1.2 Bonding diagram

32 31 30 29 28 27 26 25

IR AR IR
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6.1.4 Package outline/Mechanical data

DOCUMENT 8362854 REVISION A CONTROLLED DOCUMENT {Check latest revision) DATE 1B-MOV-Z011 page: 112

Check latest version

PACKAGE OUTLINE ASSEMBLY

TITLE: VFQFPN 5X5X0.9 3.6X3.6 EP 32L 0.5P
PACKAGE CODE: AOK1

JEDEC/EIAJ REFERENCE NUMBER: MO-220K / VARIATION VHHD-5
(THERMALLY ENHANCED PLASTIC ULTRA THIN AND EXTRA THIN FINE
PITCH QUAD FLAT NO- LEAD PACKAGE)

DIMENSIONS
DATABOOK DRAWING
(mm) {mm}
REF. MIN. TYP. MAX. MIN. TYP. MAX_ NOTES
A 0.80 0.85 1.0 0.80 0.85 0.90
Al 0.0 0.02 0.05 0.0 0.02 0.05
A3 0.20 REF 0.203 REF
b 0.25 025 0.30 0.18 0.25 0.30 )
D 5.00 BSC 5.00 BSC
E 5.00 BSC 5.00BSC
D2 32 = 3.70 3.50 3.60 3.70
E2 32 - 370 3.50 3.60 3.70
e 0.50 BSC 0.50 BSC
L 030 040 050 0.35 0.40 0.45
o 0° 14° 0 — 1 3
K 020 — - 0.20 — -
NOTES:

Dimensioning and tolerancing conforme to ASME Y 14.5M — 1994

(1)

(2) All dimensions are in millimeters,
(3) Max. package warpage is 0.05mm.
(4)

@ isin degrees.

Dimension b applies to metalized terminal and is measured between radius on the other end
of the terminal, the dimension b should not be measured in that radius area.

{8) Maximum allowable burrs is 0.076mm in all directions.

{6) Pin#1 on top will be laser marked.
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DOCUMWENT B352854 REWVISION A CONTROLLED DOCUMENT (Check i==s raviskan) CATE 13-800-2011 pages A2
Cheack latest version
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TITLE: WLCSP 2.69x2.56x0.5 34 PITCH 0.4 BALL 0.25
PACKAGE CODE: 01C1 (F157)
JEDEC/EIAJ REFERENCE NUMBER: N/A

DIMENSIONS
DATABOOK DRAWING
(mm) (mm)
REF. MIN. TYP. MAX. MIN. TYP. MAX. NOTES

A 0.50 0.52 0.50 0.52
Al 0.16 0.175 0.19 0.16 0.175 0.19
A2 0.022 0.025 0.022 0.025
A3 0.285 0.30 0.315 0.285 0.30 0.315

b 0.27 0.27 (2)

D 250 2.56 258 250 2.56 258 (3)
D1 2.00 2.00

E 263 269 271 263 269 271 (4)
E1 2.00 2.00

e 0.40 0.40

f 0.28 0.28

g 0.35 0.35
cce 0.05 0.05

NOTES:

(1) —WLCSP stands for Wafer Level Chip Scale Package.

(2) — The typical ball diameter before mounting is 0.25mm.

(3) — D=f+D1+f.

(4) — E=g+E1+q.

(5) — The terminal A1 corer must be identified on the top surface by using a laser marking dot.
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Tests Description
Test name Description Purpose
Die Oriented
HTOL To determine the effects of bias conditions and

The device is stressed in static or dynamic
configuration, approaching the operative
max. absolute ratings in terms of junction

temperature on solid state devices over time. It
simulates the devices’ operating condition in an
accelerated way.

The typical failure modes are related to, silicon

HTB : o . . ! .
High Temperature temperature and bias condition. degradation, wire-bonds degradation, oxide
Bi faults.
ias
HTSL The device is stored in unbiased condition at| To investigate the failure mechanisms activated

High Temperature
Storage Life

the max. temperature allowed by the
package materials, sometimes higher than
the max. operative temperature.

by high temperature, typically wire-bonds solder
joint ageing, data retention faults, metal stress-
voiding.

ELFR
Early Life Failure
Rate

The device is stressed in biased conditions at
the max junction temperature.

To evaluate the defects inducing failure in early
life.

Package Oriented

PC
Preconditioning

The device is submitted to a typical
temperature profile used for surface
mounting devices, after a controlled
moisture absorption.

As stand-alone test: to investigate the moisture
sensitivity level.

As preconditioning before other reliability tests:
to verify that the surface mounting stress does
not impact on the subsequent reliability
performance.

The typical failure modes are "pop corn" effect
and delamination.

AC
Auto Clave
(Pressure Pot)

The device is stored in saturated steam, at
fixed and controlled conditions of pressure
and temperature.

To investigate corrosion phenomena affecting
die or package materials, related to chemical
contamination and package hermeticity.

To investigate failure modes related to the
thermo-mechanical stress induced by the
different thermal expansion of the materials

Tem;;re(iature ;I(—-:-hn?perc;?l:/rlgeexcfrsioil;brt;]gttv?lgenfhotca)l/rflc? g int.eracting in the c;lie-package sys.tem. Typical
Cycling cold chamber in air atmbsphere failure modes are linked to metal displacement,
) dielectric  cracking, molding  compound
delamination, wire-bonds failure, die-attach
layer degradation.
The device is biased in static configuration . .
Temperature | TIMIMIZIg s internal power dissipaton, and | o, TECRE 18 PEOSEET PO ARG
Humidity Bias stored at controlled conditions of ambient galvanic corrosion are put ’in evidence
temperature and relative humidity. )
Other
The device is submitted to a high voltage
ESD peak on all hI.S pins s]mulat!ng ESD stress T lassify  th vi din hi
EIectrc?Static according to d'ffere’?‘ simulation models. sgscecpi?tfilit);/ :oe d:riagcg oarccc?egra%atitgn bf/
Discharge CBM: Charged Device Model exposure to electrostatic discharge
HBM: Human Body Model ’
MM: Machine Model
The device is submitted to a direct current
LU forced/sunk into the input/output pins.|To verify the presence of bulk parasitic effect
Latch-Up Removing the direct current no change in the | inducing latch-up.

supply current must be observed.

Reliability evaluation report

Page 18/18



