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Development flow from the developers or designer's point of view

= Specification of the requirements for the assembly
Creation of the specifications

= Component selection / study of the data sheets and verification of the required functions
Setup of schematic symbols and footprints in the component library
Creation of the schematic in the used EDA-tool
Clarification of the impedance requirements from the circuit and the components used
Entering the parameters in the constraint sets / rules (schematic / layout)

= (larification of the parameters with the PCB manufacturer
Stack-Up
Material
Impedance Modules
Other parameters
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Component selection and study of the data sheet

A, . _ e :
Ry CYPRESS PSoC S.MCL: CY8cesxs, Figure 15. 104-M-CSP-USB Power Connection Diagram Figure 17. Separate Battery Connection to Vgackup

- EMBEDDED IN TOMORROW™ S C 63 th BI t th LE
e 171036V

General Description

PS0C® 6 MCU is a high-performance, ultra-low-power and secured MGU platform, purpose-built for 10T applications. The PSoC 63 M- i

with Bluetooth LE product line, based on the PSoC 6 MCU platform, is a combination of a high-performance microcontraller with 1KQat CY8C63x6/7, 104-M-CSP package (with USB) VDD D
low-pawer flash technology, digital programmable logic, high-performance analog-to-digital ion and standard 100 MHz |

and timing peripherals. 10 |JF 01 H F

The PSoC 63 product line provides wireless connectivity with Bluetooth LE 5.0 compliance. V[:IJD. CS; 1o pOI‘l P1 VIZ-D_NS, G9

Features

32-bit Dual CI;U Sub:ystem ) Flexible Clocking Options VEACKLIP- C9: 110 poﬂ PO V

u 150-MHz Am® Cortex®-M4F (CM4) CPU with single-cycle ® 8-MHz Internal Main Oscillator (IMO) with £2% accuracy Vauckr, F9 BACKUP

multiply, floating point, and memory protection unit (MPU)

u 100-MHz Cortex-M0+ (CM0+) GPU with single-cycle muitiply
and M
 User-selectable core logic operation at either 1.1V or 0.9V
u Active CPU current slope with 1.1-V core operation
7 Cortex-M4: 40 pAMHz
7 Cortex-M0+: 20 pAMHzZ
u Active CPU current slope with 0.9-V core operation
2 Cortex-M4: 22 yAIMHz
3 Cortex-M0+: 15 pAMHz
u Two DMA controllers with 16 channels each

Memory Subsystem

m Ultra-low-power 32-kHz Internal Low-speed Oscillator (ILO)
m On-chip crystal oscillators (16 to 35 MHz, and 32 kHz)

m Phase-locked loop (PLL) for multiplying clock frequencies
w Frequency-locked loop (FLL) for multiplying IMO frequency
mInteger and fractional peripheral clock dividers

Quad SPI (QSPI)/Serial Memory Interface (SMIF)

® Execute-In-Place (XIP) from external quad SPI Flash

m On-the-fly encryption and decryption

m 4-KB cache for greater XIP performance with lower power

W Supports single, dual, quad, dual-quad, and octal interfaces
with throughput up to 640 Mbps

Vooioo, B6; /O ports P11, P12, P13

Vooiot, D1; /O ports PS5, PG, P7, P8

Vopuss, HT; /O port P14

Wpoa, Al; 1O ports P8, P10

Veen, C7

Vino1, GB

Vinp2, HB

* 1uFJ-J-0.1pF
14036V —

B Vppysg: the supply for the USB peripheral and the USBDP and
USBDM pins. It must be 2.85 V 1o 3.6 V for USB operation. If

¥ LB sppicaton fach, 20 audlary fash (UMt ana - SegmemtLCDDrve USBis notused,itcan be 1.7 Vto 3.6 V, and the USB pins can
2 ; read-while-  Supports up to 83 segments and up to 8 commons. o -
support. Two 8-K8 flash caches, one for each CPU ) o be used as limited-capability GP1Os on I/O port 14.
m 288-KB SRAM with power and data retention control Serial Communication

mNine rundtime configurable serial communication blocks Var, H9 [P
# One-time-programmable (OTP) 1-Kb eFuse array (SCs) RF Table 10 shows a summary of the I/0 port supplies:

Low Energy Subsyst 0 Eight SCBs: configurable as SPI, 1°C, or UART
m 2.4-GHz RF transceiver with 50-@ antenna drive 0 One Deep Sleep SCE} configurable as SPI or I°C DVgg, M4 Vicoc, P4 Table 1 0 ”’0 Port S uppl ies
u Digital PHY W USB full-speed device interface 1
m Link Layer engine supporting master and slave modes Audio Subsystem
# Programmatle TX power. up to 4 dBm uTwo pulse density modulaton (PDM) channels and one %5 Voo s L2 Vosgr, 19 Port Supply Alternate Supply
u RX sensitivity: 95 dBm channel with time division multiplexed (TDM) mode 1 ol !
u RSSI: 4-dB resolution - ) ]
5.7-mATx (0 dBm)and 6.7 mARX (2 Mbps) current with 3.3-y 11Ming and Pulse-Width Modulation 0 VBAC KUP VD DD
<upply and intemal SIMO Buck converter  Thirty-two timer/counter/pulse-width modulators (TCPWM) Voorz, P9
 Link Layer engine supports four isl u Center-aligned, edge, and pseudo-random modes 1 VD DD -
u Supports 2 Mbps data rate m Comparator-based triggering of Kill signals
Low-Power 1.7-V to 3.6-V Operation Programmable Analog Voms, P8 5,6,7,8 VD DIO1 -
1 Six power modes for fine-grained power management | 1241 1-Msps SAR ADC with diferential and single-ended 3 10 v v
m Deep Sleep mode current of 7 pA with 64-KB SRAM retention modes and 16-channel sequencer with result averaging
1§ On-chip Single-In Multiple Out (SIMO) DC-DC buck converter, ™ [0 lo-power comparators avaliable in Deep Sieep and D4, D7, F4,G7,P1 M3, N9, P3, PS, PT ’ DDIOA DDA
<1 pA quiescent current o T R

' Backup domain with 64 bytes of memory and real-time clock ' BUlbin temperature sensor connected to ADC Vss Vssa 11,12, 13 VD DIOD -

W One 12-bit voltage-mode digital-to-analog converter (DAC) with

< 2-ps settling time 14 vV
' Two opamps with low-power operation modes DDUSB -

Cypress Semiconductor Corporation + 198 Champion Court .- San Jose, CA 95134-1709 . 408-943-2600

Document Number: 002-18787 Rev. *Q

Revised October 31, 2022
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Setup of the component footprint

- F'Sog fs'(\';‘%' a CDYSg ngﬁi PSoC 6 MCU: CY8C63x8,
r X/ Datashee
ws CYPRESS " = CYPRESS CY8C63x7 Datasheet
A A b g virntoo
Packaging Figure 21. 104-M-CSP 3.8 x 5.0 x 0.65 mm
This product line is offered in four packages: 68-QFN, 116-BGA, 124-BGA, and 104-M-CSF. 3
Table 60. Package Dimensions A 8 A
PN 1 K V23 458789 b 987 65 4321 % £106%0
| Spec ID# | Package Description Package Drawing Number — O/ W
PKG_1 124-BGA [124-BGA, 9 x 9 x 1 mm height with 0.65-mm pitch 001-97718 ’ ;22 0588 8880 »
PKG_2 |104-M-CSP[104-M-CSP, 3.8 x 5 » 0.65 mm height with 0.35-mm pitch 002-16508 c 0000D0O000 | ¢
PKG_4 | 116:8GA |116-BGA, 5.2« 6.4 « 0.70 mm height with 0.5-mm pitch 00216574 ¥ A 000090000 | °
= o £ 7] O000OO000 |=
PKG_5 | 68-QFN |68-QFN, 8 x & x 1 mm height with 0.4-mm pitch 001-96836 . o 0000HO000 |+
g = s 000000000 |¢©
Table 61. Package Characteristics H s r;{) O00QPO00 + H
Parameter Description Conditions Mn | Typ | Max | Unit : 20000000+ |+
0 . d] 777710000 |«
Ta Operating ambient temperature - —40 25.00 85 °c L O+ + + ++ 00 L
T, Operating junction temperature - —40 - 100 °C b O+ ++QPOO0OO |*
. N O+++}1++00 |n
[T Package 8, (124-BGA) - - 64.3 - Chwalt ’ 1 00000 4
Tic Package 8, (124-BGA) - - 37 - “Chwatt B o <
Tia Package 8, (116-BGA) - - 85 - “Chwatt : e b aage | B as211303
Tuc Package 8, (116-BGA) - - 12 - “Chwatt 3l
Tia Package 8, (104-CSP) - - 337 - “Chwatt | riou vew
Ty Package 6, (104-CSP) - - 0.2 = “Chwatt | | | ‘ ‘
S TOUUYOUUUU T
Tia Package 6,, (68-QFN) - - 218 - “Clwatt | g
Ty Package 8, (68-QFN) - - 72 - °Chwatt - §
Table 62. Solder Reflow Peak Temperature
Package Maximum Peak Temperature Maximum Time at Peak Temperature
124-BGA, 116-BGA, and 66-QFN 260 °C 30 seconds - e
104-M-CSP 260 °C 30 seconds T e T e T
Table 63. Package Moisture Sensitivity Level (MSL), IPC/JEDEC J-STD-2 C- ‘
Package J MSL CI|
124-BGA, 116-BGA, and 68-QFN MSL3
104-M-CSP MsL1 -
: = WHEN TERE & A% 0D MAMBER OF
ws et
3 EDECsPEORGATIONND Rer. Nk
002-16508 *E
Document Number: 002-18787 Rev. " Page 76 ct &8 Document Number: 002-18787 Rev. *Q Page 77 of 86
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o CYPRESS

e EMBEDDED IN TOMORROW

J

A

PIN #1 MARK 12 3 4 5 6 7 B 9

PSoC 6 MCU: CY8C63x6,
CY8C63x7 Datasheet

Figure 21. 104-M-CSP 3.8 x 5.0 x 0.65 mm
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DIMENSIONS
SYMBOL MIN. NOM. MAX.
A . - 0.650
A1 0.167 0.185 0.203
D 3.791 3.841 3.891
4.95 5.00 5.05
D1 2.80 BSC
E1 4.55 BSC
MD 9
ME 14
N 104
b 0.215 0.245 0.275
eD 0.335 0.350 0.365
eE 0.335 0.350 0.365
SD 0.35BSC
SE 0.175 BSC
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Setup with standard parameters

‘ Pitch ‘

= Male Footprint = eine Leitung zwischen den Pads

Pitch [um] Pad [um]|SM [um] Reststeg [um] uVia[um] [Pad-Pad [um] |L/S [um] Pitch [um] Pad [um] SM [um] Reststeg [um] uVia [um] Pad-Pad [um] |L/S [um]
350 240 50 10 85/215 110 350 240 50 10 85/215 110 36,67
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Anlage mit Standardparametern

= for complete routing including the
inner rows of pins, 3 to 4 traces
would have to be routed between
the pads

= 15.71 ym line/space are currently
not yet feasible in the printed circuit
board process

Pitch [um] Pad [um] SM[um] Reststeg [um] uVia [um] Pad-Pad [um]|L/S [um]
350 240 50 10 85/215 110 15,71
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standard microvia

What is possible, what is not possible?

pad @ 300 um

dielectric
o S thickness
microvia (for impedance stacked microvia outer layer layout i
controlled PCBs) final ? 100 H 58 - 70 Hm
pad ¢ 325 pm distance pad / track = 100 pm
track width = 100 pm
final @ 100 um Cu = fillad

distance track / track = 100 pm

! up to max. 4 layers ‘
dielectric |
thickness :
85 - 110 pm

I

dielectric thickness
58 — 70 pm {layer 1-2)

dielectric thickness
y 55-68pmf(ayer2-3)

microvia
aspectratio=1:0.8
(diameter / depth)

core material = 100 pm

___________________________________________ " i i prepréz<=J100 pm

microvias layer 1to 3

i
i pitch = 400 pm
|
i

max. 55 pm
max. 18 pm
max. 50 pm- -y

N

»lg
L

!
!
final@125um

—

1 distance track / track = 100 pm inner layer

pitch = 300 pm inner layer track width = 100 pm

Download here

pad @ 550 pm

pad g 350 pm
inner layer

pad @ 550 yrm distance pad / track = 100 pm inner layer
distance pad / pad = 100 pm inner layer

&

-+
inner layer clearanceg 550 pm

staggered microvia

inner layer layout (up to 35 pm Cu thickness)
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https://www.we-online.com/designruleshdi

FAN OUT OF A BGA PITCH 0.35 MM - THIS IS HOW IT WORKS!
The limits of MICROVIA hdi

= Limit soldermask - WHY?
= min. web width =70 pm

= min. distance solder mask web to pad edge = 35 pm
In total: Pad edge to pad edge min.140 pm, see sketch on the right side ™ BN ’
In the design for 0.40 mm BGA pitch this means: = :
= maximum possible solder mask web at the narrow point: i R |
ekl 5
400 pm (pitch) - 275 pm (pad) - 2x (35 pm (solder mask clearance)) ¢ ] , a2
in M0pm I3 = Saurelporn
- = & i /¢ -
Standard Advanced L 0 = . ) | qqem ' #_‘
Clearance =50 pm 35 um ﬂ .!. 1601 : % —F"‘ |
Coverage 50 ym 40 pm AT 75 _ B .#‘l“ m I flﬂ"" " ,H i

Solder mask web =70 um — O

Via-opening final diameter +0,25 mm
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The design recommendations from PCB manufacturer

= Design Rules for the BGA component on the outer layer
= BGA solder pad = @215 pym
= pVia-in-Pad design pVia@ typically 85 pm (dielectric 70 pm — 100 pm thick)

= Design Rules soldermask for the BGA component on the outer layer
= solder mask — clearance component pad circumferential = 35 pm
= solder mask web =65 pm

Calculation for a BGA pitch 0,35 mm:

215 pm (component pad) + (2 x 35 pm (solder mask clearance)) + 65 pm (solder mask web)

=350 pm v’
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Stackup from PCB manufacturer

customer WE - SLIM.hdi_Webinar Mai 2023
pch name .n
WE-number Xyz WURTH
engineer M. Kress wi ELEKTRON IK
date MORE THAN
SLIM.hdi 1-2b-1
PCB Thickness : 0,31 mm +/-0,05mm
Impedance
Rigid area Rigid area . . - .
Structure Thickness Material description rigid area Viatypes Layer usage Er ZIOhm] / Line / Space
20 Soldermask photosensitive, flexible
L1 30 9pm copper foil + plating s1 Zo[50] = 180 // Zdiff[100] = 90 / 75 // Zdifff[90] =
30 Prepreg FR4.1 2,9
L2 25
100 Core FR-4.1 3.8
L3 5 Reft
30 Prepreg FR-4.1 29
L4 30 9pm copper foil + plating
20 Soldermask photosensitive, flexible
Notes: Microvia execution stacked and staggered possible
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Challenge Impedance design

Substrat 1 Dicke H1  [700.000 Substrat 1 Dicke H1 00,000

Substrat 1 Dielektrikum Er 3,800

—_

ERFFEFEFFRPERE

Coated Coplanar Strips With Ground 2B Edge-Coupled Coated Microstrip 2B

Substrat 1 Dielektrikum En 3,800

Substrat 2 Dicke H2 [ 55000 l : W Substrat 2 Dicke H2 55,000
Substrat 2 Dielektrikum Er2 2.9001 1 1 7T A Substrat 2 Dielektrikum Er2 2.9001

; . f !
Untere Leiterbreite W1 (180,000 I' T Untere Leiterbreite w1 90,0000
Obere Leiterbreite W2 [170,000 .

Breite unterer Massestreifen  G1 | 50p 000
Breite oberer Massestreifen G2 [500 000

Obere Leiterbreite W2 | 80,000
I: Leiterbahn Separation S1 75,000
e ey Leiterbahndicke T 30,0001

Separation Massestreifen D1 00,000 Lackdicke auf Substrat 1 40,000

EEEEEEEEEERFEE

Leiterbahndicke T 30,000
. Lackdicke auf Leiterbahn c2 20,000
Hinweise i~ Einheiten | Lackdicke auf Substrat 1 40,000 . )
Zo Top // RefIL3 o Mi Lackdicke auf Leiterbahn c2 20,000 Lo Enheten cockackezu Letebanen £ —
Geben Sie Zusatzinformationen hier ein " Mi i i

" Zol Lackdicke zw. Leiterbahnen C3 40,000 I I I " St - =

4T " Zoll

P Lack Dielektikum CEr @ M?k

o 2 i Differentielle Impedanz Zdiff 1001

" Milimeter
Interface-Type Impedanz Zo 5214
(" Standard i -

Important: Signal layer Top / Reference layer Inner2 resp. layer 3
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A brief look at the reliability of the technology: qualification test results

Reflow WE=- Temperature Test System VT17012-S2 -‘M{Em_‘}

wunm ELEKTRONIK

TESTS:
* Resistance to Soldering Heat acc. AEC-Q200 / MIL-Std 202 Method 210
« Solderability acc. AEC-Q200 / J-Std 002

TESTS:
» High Temperature Exposure acc. AEC-Q200 / MIL-Std 202 Method 108
» Thermal Shock acc. AEC-Q200 / JESD22 Method JA-104 ™

» 5-times Reflow WE internal Standard o ma e e -
A ! i v

FACTS: P AN I

« Full Computer Controlled A i i N\ FACTS: s

« 4 heating zones with hot air circulation 4 § § N + Cabinet volume of 120 | Wi

- Zone 1: Preheat Zone "y Yy ! « Dimensions: W470 x H410 x D650 mm -

- Zone 2: Preheat Zone - : : § + Max. temperature change rate 11 K/min

- Zone 3: Stabilization Zone : g * 2 chambers

- Zone 4: Soldering Zone AR Y a0 w R * Cold chamber ->Temperature range -80°C to +70°C

- Zone 5: Cooling Zone * Warm chamber -> Temperature range -50°C to +220°C

- Transport system SMD a
—~7 7»\ A : —:/' e
n '?r\arl you

expan ?Fnar{ you

expec

Reflow solder test: Drying 4h 120°C // Solder test acc. JEDEC 020C Peak 260°C // 6 repetitions
TCT Shock test: -55°C / +150°C // dwell time -55°C 15 minutes // change 15 seconds // dwell time +150°C 15 minutes
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Modification of parameters

| Pitch |

= modified designrules of the PCB manufacturer
Pad diameter reduction
Reduction of the solder resist residue
Use of pViain pad
Use of 75 um/75 pm lines-space

Caution!

Here vyou deviate from the recommended
component manufacturer specifications and
should carefully examine the assembly, soldering
technology and subsequent processes.

Pitch [um] Pad [um] SM [um] Reststeg [um] uVia[um] Pad-Pad [um] L/S [um]
350 215 35 65 85/215 135  75/75
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Impedance controlled traces

= The width of the head and foot of the trace are specified for the impedance calculation.
= Which value does the designer enter in the tool?
-> according to the IPC specification, the foot, i.e. 200 pm, is specified, since this parameter can also be checked optically

guration  Hilfe Microstip  Buned Microstip  Stiphine  Sequentially-Laminated Stipline Z-zero Z-planner v2023.1 281 Beta
— — [ Solder mask (7]
e s o s [ e e o o = =
Betw 381
w2 -
= Substrat 1 Dicke H1 100,00 ::II + r
Surface Microstrip 1B Substrat 1 Dielekkrikum Er 4.1000 j & |' i
nc
Untere Leiterbreite Wi I 200,00 j + r Dislectric height (h: um
Obere Leiterbreite W2 190,00 j * r Dielectric constant (Dk):
Leiterbahndicke T 2500 ::II Y r Loss tangert {Df);
Signalayer copper (7] 2ply: [
Impedanz Za 47.50 Copper foil weight: ~ |oz. Top width (w2): |.|m
Plated thickness {): um Bottom width (w1): um .@.
Coplanar distance (o 254.0 Auto-calculate wZ: D
Coplanar waveguide: [ Hatched Plane: [] | Seffings
Single-Ended Impedance Graph Controls (7]
Hirmweize: [die ersten B Zeilen werden gediuckt] i o Impedance (Zo): °hm5 =] Zdiff Curve @ Loss Curve
[Rehen Sie Pisatzinformationen kier sin |_ merlace- _l,lpB—| —_ _ _ .. . — _
Screenshot of Polar SI9000 Screenshot of Siemens Z-Solver
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50 Ohm Single-Ended (RF-antenna feed line)
= you have to take in account if the rf-track is realized with or without solder resist
= according to that the parameters need to be tuned to the right value

Mictastip  Bunied Microstip  Swipline  SequentallyLaminated Swplne Z-zero Z-planner v2023.1.281 Beta Microstip | Buried Microstip  Stripline  Sequentially-Laminated Stripline Z-zero Z-planner v2023.1.281 Beta
[] Solder mask Q Solder mask (7]
AIR Above trace (o1 200 um AIR Above trace (c1): um
Between traces (o2 400 um cl Between traces (c2): um
c constant 4.30 J, c2 ]&I Dielectric constant: 430
= 0.0200 o ! 1 Loss tangent:
Dk2 Df2 Dk2 Df2
280 | [ o000 | | [ 280 ][ ootwo |
3g0 | [ o100 | | [ 380 | [ ootoo |
Dk 1 Df1 Dk bf1
SignaHayer copper 0 2ply: Signaldayer copper (7] 2ply:
Copper foil weight: 02- Top width (w2): UITI Copper foil weight: oz. Top width (w2): um
Plated thickness {): LIITI Bottom width {w1): UITI ® Plated thickness &): |.|n1 Bottom width {w1): um .@.
Coplanar distance (d): I-IITI Auto-caleulate w2: [] Coplanar distance (d): |.|n1 Auto-calculate w2: []
Coplanar waveguide: Hatched Plane: [] = Sefinos Coplanar waveguide: Hatched Plane: [] = Setfnos
Single-Ended Impedance Graph Cortrols (7] Single-Ended Impedance Graph Controls (7]
Impedance (Za): ohms ﬁ Z4iff Curve @ Loss Curve Impedance {Za): ohms ﬁ Zdiff Curve @ Loss Curve
[] Differential Impedance Q Cursor: [] Differertial Impedance (7] Cursor:
Spacing 2540 |um @ Impedance (Zdif 1029 |chms [ 0.00 GHz Snap to Frequency @ Spacing fs 2540 |um @ Impedance (Zdiff 935 |ohms [ 0.00 GHz Snap to Frequency @)
Pitch: | 4600 |[um [ 0.00 dB/cm Snap to Total Pich: | 4600 |un g 0.00 dB/cm Snap to Total
50 Ohm Single-Ended (without solder resist) -> here 53,0 Ohm 50 Ohm Single-Ended (with solder resist) -> here 48,1 Ohm
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FAN OUT OF A BGA PITCH 0.35 MM - THIS IS HOW IT WORKS!
Example 90 Ohm differential pairs

For 90 Ohm lines, the track width from the calculation corresponds to approx. 135 pm and must be entered in the EDA tool.
= The etching angle (trapezoidal shape) results in 135 pm at the base, i.e. the side facing the laminate. The conductor head then has a width of
approx. 125 pym.

= In order to get an etching compensation, the CAM of the circuit board manufacturer adds approx. 30 pm. Thus, 165 pm are set in the
photoresist for the exposure.

B3 90R Differentiell z0shvr - Z-zero Z-pi v2023.1.281 Beta
BRERS e LBEE
Home | Zaokver | Sacue
> EA ish |
s & F?a = |8 1
Open Save  SaveAs.. Resetto xport Settings
sults
Morostno  Buned Microstnp  Stripine  Sequentally-Lamnated Stnpine Z-zero Z-planner v2023.1 281 Beta
A Solder mask Q

AR Aoovetrace 1) [ 200 | um

Substrat 1 Dicke H1  [100,0000
a Betweentraces €2 | 400 | um Edae-C led C A s 2B &
I.WI'.I‘ | > | o> ] cdge-Coupled Coated Microstrip Substiat 1 Dieleklikum Er m
s _ ‘\ Losstangent: | 00200 =
[ 1 ‘ ‘ w2 | Substrat 2 Dicke H2 55,0000
T T “ | a—— Substiat 2Dielektikum  E2 [ 23000
- e L T Unter Leterbree Wi [7%0000
Signaldayer copper (7] 2p: (4
Coppertotweight: [l oz Topwidh w2: [ 1250 Jum Obete Letetbreite W2
Plated thickness 8): | 300 Jum Bottomwidh w1): | 1350 |um © 1250000
Adocacdse w2 [] Leiterbahn Separation S1 ] 75,0000
Coplanar waveguide: [] Hatched Plane: (] 2
[] SngeEnded impedance Graph Cortrols ) Leiterbahndicke m 30,0000
ns B Ozncme ® Loss Curve A 1
e sl Lackdicke auf Substrat C 40,0000
7 un impedance a ] 0.00 GHz [ Snapto Frequency @ .
s =l o | [t - e Lackdcke auf Lekterbabn €2 [ 200000
Dy S oo W B Tesim Hinweise Einheiten Lackdicke 2w, Letecbshnen €3 [740,0000
—— L 0.00 E gxw" |Geben Sie Zusatznformationen hier ein C Ml Lack Dielektrikum CEr 1—4,3050
Frequency. Delay, Loss W O Saneffect C Zol
Frequency: [ 100 _JGHe Toal el [ 0.14 s Il O Coppermughness @ Miksomeler
Lengh: [ 254 Jem insedionfoss: | 0.08 |dB/cm —t < iff X f I
Propagation delay: | 0.08 |na/cm Totalloss: | 020 |dB S — " Millmeter S 2 42

diff. 90 Ohm-tracks in Z-Solver diff. 90 Ohm-tracks in SI9000
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FAN OUT OF A BGA PITCH 0.35 MM - THIS IS HOW IT WORKS!
Layer Stack-Up(using the example of Allegro/Orcad

. Objects Types » [Thickness * Physical » Embedded ! Signal Integrit
W
Val Conductivit i i
No. # | Name Layer Layer Function — Layer Material Embedded onclctivity | Dielectric
mm ID Status mho/cm Constant
* * * * * * * * * * *
1 Surface 1
2 Dielectric Dielectric 0.02 Soldermask 0 4.3 [ . . .
3| 1jTOP Conductor Conductor 0.03 1 Copper Not embedded 596000 1 [ = StratEg\/ Of copper fl”@d microvias
4 Dielectric Dielectric 0.03 Fr-4 0 2.9 [ e .
5| 2JLAYER2 [ Conductor Conductor 0.025 2 Copper Not embedded 596000 1 ! = Than kS tO the COpper fl”lng tEChnO|Og\/, the Vias
6 Dielectric Dielectric 0.1 Fr-4 0 3.8 [ .
7| 3JLAYER3 | Conductor Conductor 0.025 3 Copper Not embedded 596000 1 [ can be dESIgﬂEd Stagge red or Stac ked
8 Dielectric Dielectric 0.03 Fr-4 0 2.9 [
9| 4)BOTT... | Conductor Conductor 0.03 4 Copper Not embedded 596000 1 [
Dielectric Dielectric 0.02 Soldermask 0 4.3 [ Ja) Ja) a)
& & &
Surface 1 ] ] ]
r\l‘ f'\lI r\.l‘
< g <
S ol S o S <
5 Saf Sew

= Layer structure with material-specific parameters such as er,
copper and prepreg thickness taken from the specifications of the 7
PCB manufacturer.

= |deally, the layer structure can be downloaded in digital format
from the website for the respective EDA-tool.

I 0.31 mm ‘
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FAN OUT OF A BGA PITCH 0.35 MM — THIS IS HOW IT WORKS!

Demo placement of some components
= BGA-component with 350 pm pitch and external components

= differential 90 Ohm impedance
= Single-Ended 50 Ohm track as antenna feed line
without covering with solder resist
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FAN OUT OF A BGA PITCH 0.35 MM — THIS IS HOW IT WORKS!

Layer change at differential lines

. . . . . Objects Types » [Thickness > Physical » Embedded » Signal Integrit
= in order to route the differential pairs from the inner area o Neme taer | LoyerFunction | Vel | Layer| o Embedded | Conductivity Diskecti
mm ID Status mho/ecm Constant

of the BGA, a layer change to layer 2 must be done I _ 1
= this reduces the distance to the reference layer, which 2 | [oilecwic  foekaic ooz [ soldermask S R
t_:m ucl-:or _on uc_tor X opper Not 596000 1 [
reduces the impedance C oJuvens [conductor | Comdotor (0035 |2 Copper  Nonembedded o0 1|
- 6 Dielectric Dielectric 0.1 Fr-4 0 3.8 [
s 7| 3JLAYER3 | Conductor Conductor 0.025 3 Copper Not embedded 596000 1 l
8 Dielectric Dielectric 0.03 Fr-4 0 2.9 [
9| 4|BOTT... || Conductor Conductor 0.03 4 Copper Not embedded |596000 1 [
Dielectric Dielectric 0.02 Soldermask 0 4.3 l

Surface 1

Since the layer structure of the printed circuit board is symmetrical,

there are two possible solutions:

= you adjust the track width and spacing to achieve the required
impedance

= the bottom layer is used as the reference layer, but it must be
noted that a buried microstrip structure is created and other
parameters must therefore be taken into account

AIR

N01720 DGND

Cutout from the demo-placement
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FAN OUT OF A BGA PITCH 0.35 MM — THIS IS HOW IT WORKS!

90 ohms differential impedance module
= To get a feeling for the impedance changes, the differential 90 ohm microstrip module is divided into a buried microstrip

module with reference to layer 3 (100 pm spacing) and a buried microstrip module with reference to the bottom layer (130
um spacing). The line-space parameters remain.

Microstip - Buned Microstip  Stipline  Seguentially-Laminated Stnpine Z-zero Z-planner v2023.1.281 Beta Microstip  Buned Microstrip | Stipline  Seguentially-Laminated Stipline Z-zero Z-planner v 2023.1.281 Beta Microstip Buried Microstip  Swipline  Sequentialy-Laminated Smipline Z-zero Z-planner v2023.1.281 Beta
Solder mask: Q | o Dielectrics @ | AR | Dielectrics (7]
AIR Above trace (c1): um Dielectric height (h2): um h4 Dk4 Df4
1 Between traces (c2): um ~ Prepreg Dielectric2  (Dk2, Df2] Dielectric constant (Ok2% [ 250 | [ 290 | [ o0oww |
2 1 @ Dielcirc constat: Lo tangent (0I2) \ ED | [ 22 | [ 2010 |
j S ETEL 2ply: [ 2ply:
Diclectric Symmetrical: [] Symmetrical: []
h2 Dk2 Df2
h2 Dk2? D2 Dielectric height 1) | 1000 | um [0s ] [3e ] oo ]
[ ss0 |[ 290 |[ oowo ] Dielectric: constant (Dk 1) [ 300 |[ 2% |[ oowo |
[ooo | [ 3s0 ][ oowo | Loss tangent (DF 1) h1 Dkt D1
h1 Dk 1 Df1
Signaldayer copper (7] 2ply. Signalayer copper @ Resn Q Signaldayer copper @ Resn (7]

Copper foil weight oz. Top width (w2): um Copper fail weight oz Top width (w2): um Auto-calculate resin: Copper foil weight: oz. Top width {w2): um Auto-calculate resin:

Platedthickness #): | 300 |um  Botomwidth w1):[_ 1410 |um @ Thickness#): | 250 |um  Botomwidth wl):[ 1410 |um @ Resin Dk (Dkr) Thickness t):[ 250 |um  Botomwidhfwl): [ 1410 |um @ Resin Dk (Dko. [ 2.32 |
Coplanar distance (d 1000 T Auto-caleulate w2: [] Autocalculate w2: [] Resin Df (Dfr): Auto-caleulate w2: [] Resin DF {Dfr):
Coplanar waveguide: [] Hatched Plane: [] | 5o Hatched Plane: [] | “etinas Hatched Plane: [] | "=l
[ Single-Ended Impedance Graph Controls (7] [ Single-Ended Impedance Graph Controls Q [ Single-Ended Impedance Graph Controls (7]

mpedance 726 oms B (O zafouve @® Loss Curve pedance Z2): | 555 [ohms B | (O zafcuve ® Loss Curve mpedance (Zo): | 648 |ohms B | () zaf Cuve @ Loss Curve
Differential Impedance (7] Cursor: Differertial Impedance @ Cursor Differertial Impedance @ Cursor:
Spacing (s) um @® Impedance (Zdif): chms 7] 0.00 GHz Snap to Frequency (@ Spacing (s) um @ Impedance (Zdf): ohms =] 0.00 GHz Snapto Frequency @ Spacing (s): um @ Impedance (Zdif) ohms B 0.00 GHz Snap to Frequency (@
Fitch um 7] 0.00 dB/em [] Snapto Total Pitch Um B 0.00 dB/cm [~] Snapto Total Pitch: um & 0.00 dB/cm ] Snap to Total
original impedance module (90 Ohm) buried impedance module with reduced spacing (81,9 Ohm) buried impedance module with 130pm (87,9 Ohm)

= As it can be seen from the results, the distance to the reference layer has a greater influence on the impedance than the
covering height with resin/glass.
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FAN OUT OF A BGA PITCH 0.35 MM — THIS IS HOW IT WORKS!

Layer stack of the demo placement

= Inthe illustration of the individual layers, you can see the gap on layer 2
that is required to use layer 3 as a reference

= |n a further step, the area under the differential line pair on layer 2 would
have to be cleared in layer 3 and a reference plane would have to be
inserted on the bottom layer. The line space parameters then have to be
adjusted according to the simulation results.

Demo placement
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FAN OUT OF A BGA PITCH 0.35 MM — THIS IS HOW IT WORKS!

Routing unter dem BGA

= stacked micro-vias

= differential tracks on Top 7
= Differential trackson Layer 2
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THANKS FOR YOUR
ATTENTION

Fan out of a BGA Pitch 0.35 mm —
This i1s how It works!




