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Background

Data Rate Doubled in 3 to 4 years : exceeding 56Gbps
PCB are also required to perform at 50GHz or more

Ex:
* Nyquist frequency of 56G-PAM4 : 14GHz
* The 3rd harmonic : 42GHz
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Data rate and Nyquist frequency
| DataRate | Encoding | Nyquist Frequency |

56Gbps PAMA4 14GHz
64Gbps PAMA4 16GHz
56Gbps NRZ 28GHz
112Gbps PAMA4 28GHz
128Gbps PAMA4 32GHz
224Gbps PAM4 56GHz
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https://www.ieee802.org/3/B400G/public/21_0114/dambrosia_b400g_02a_210114.pdf

Background

- Signal speed in wafer testing is increasing
Probe Card also required to support high-speed signal
—> Reducing loss and reflection of pads and vias

Challenges of high-speed PCB

Tester
: Pad
L _——~ .~ . Trace
Probe Card == —
— — Return Loss Insertion Loss
-~ \Wafer
Probe Card
Wafer Chuck
Return Loss
High
Prober ‘ ity -
Via - ~\(jErE,I .

-Increased loss and reflection
-Eye pattern does not open
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Background

 Three factors of PCB Performance : Material, Manufacturing, and Design
— These factors must be balanced with performance and cost

Material

PCB
Performance

Performance Cost

Greatest impact on PCB properties and cost
P prop \ / \ /

Manufacturing A

Must meet designed specifications with minimal variation
Process differences can affect characteristics

Design

Critical for high-speed PCB
Simulation is needed because poor design can degrade performance.
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High-speed PCB trends

- Approach by materials
Evolution to Low-Dk/Df (Dk : 3.0, Df : 0.001 and less)

0.006

0.005

0.004

0.003

0.002

0.001
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Using values measured by our TEG in simulation = Flat copper foil
6
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Surface
treatment

Treatment to improve adhesion

Etching

Copper

High-speed PCB trends

- Approach by manufacturing process -1
High speed PCB require flat surfaces - Chemical bonding

Freq [GHz]
10 20 30 40 50
0 )
5 G
10 e — N _______________________________ _______________________________ — chemical
3P R WO - S — Etching
Chemical bonding oy | |

s -20 -
K Organic film
25 -

-30 -

5dB

Megtron6, L=200mm

Etching process increases roughness
impact due to skin effect
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High-speed PCB trends

- Approach by manufacturing process -2
Chemical bonding is also effective in DC resistance
Resistance is reduced by 25%, especially effective for power wiring

2.0 :
1.87 _25%
1.54
_ _ = 15
Etching Chemical bond =
€ 1.0
DC Resistance '
0.0
w=0.20mm
Etct f nical
<Probe Card>
0.50z
L=250mm
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High-speed PCB trends

- Effect of material & surface treatment

- (3) improves 1.9dB by the effect of chemical bonding
(3 and @ are similar = Chemical bond improves loss and cost
Most Effective is (6 : Megtron8U and Chemical bonding: 5.1dB improvement

Insetion Loss Insertion Loss @ 28GHz
DMeg6_etching 2Meg7N_etching 3 Meg6_chemical @Meg7N_chemical &Meg8N_chemical ®Meg8U_chemical

I
I
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5 : 0.0
— 1 6)Meg8U_chemical
E | = .
E 10 . J Meg8N_chemical
a ' 4)Meg7N_chemical
) - -5.0
I 3Meg6_chemical
-15 | _ A
I 2)Meg7N_Etching 6.9
I —q : ; 7.7
I LDMeg6_Etching 86
-20 1 -10.0
-9.9
0 10 20 30 40 50 -10.1
) ) Trace length 150mm
Freq. [GHz] Diff 21 1000 12.0
ifferentia A1.9dB 45.1dB
-15.0
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High-speed PCB trends

- Eye pattern comparison : O < @ < < ©®

— High-speed materials and processing show great effects
(DMeg6_etching (®Megb_chemical (®Meg8U_chemical
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High-speed PCB trends

- Dielectric loss is the dominant factor
At High frequency, the effect of conductor loss has increased
— Realize required characteristic by combinations

4 1 0SS N\ Our own parameters
, 25Gbps 56Gbps 112Gbps ~ for simulations
Dielectric loss Low Loss Ultra Low Loss Super Low Loss (Dk , Df , Roughness)
Materlal Df < 0.005 Df < 0.003 Df <0.002
> S
Conductor loss H-VLP H-VLP2 H-VLP3
Copper foil
Etching
Surface AT
treatment
- = Roughness
K S B 8 & & & @ & @ & ®
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High-speed PCB trends

Structural challenges

- In Probe card, via is necessary for connection from top to bottom
That via becomes the cause of loss of PCB performance
- Controlling via characteristics at high frequencies is so challenging

Test Head

Probe Card

MLO
Wafer

Wafer Chuck
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Challenges for High-Speed PCB

B Goal
- Achieve well-balanced cost and characteristics
- "Via characteristic control” to achieve the targeting characteristics

B Challenges

Providing PCBs that meet required characteristics without re-spin
— Design & Simulation with link to “MONOZUKURI” technology

S‘m‘f“f’” — oo - Simulation technology that reflecting manufacturability
Design % * Correlation b/w simulation and measurement

Re-spin
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Development flow of High-Speed PCB

Manage design, manufacturing, and inspection consistently

Design
& Manufacturing Inspection

Simulation

Verify target
characteristics

Optimize the targeted Manufacture with
performance minimal variability
* Impedance

through Simulation
* S-parameter

g

R

III|:!I%

Brrvrgenem
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PCB characteristic improvement by design

Improved via’s characteristic

1) Apply smaller hole and via diameter as possible

= Reduce parasitic capacitance
2) Not exist stub

= Not cause resonance

Large via dia. Small via dia.
/ w/o stub
With stub

1
\

Stub resonance
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PCB characteristic improvement by design

Effects of dimensional changes

1) Hole and land diameters
2) Via structure
3) Stub length

1) Hole/land diameter Drill:0.15mm
0 Land:0.4mm
=) Drill:0.30mm
% Land:0.5mm
b drill015 land040 ——drill030_land050
-10

Freq [GHZz]

Smaller hole sizes improve insertion loss

2) Through vias vs HDI vias

L1
1’ L3 %
L4
VS
— through via — HDI via
Return Loss(Length 50mm)

(((((((((((((((

]

R EEEEEE
2333888883
SDD11(dB]
bbb b oL oL
36888 a3 bo
=
=
>
>

Return loss
13 14 2[ y 3‘5 4‘0 4’5
Timelns] Freq[GHz]

HDI via lands increases reflection

3) Stub length

i 2
.
Stub
length

Long stubs cause low-frequency resonance
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PCB characteristic improvement by process

Manufacturing variations impact

So many variable factors in PCB manufacturing , |
. . g >
- which is key factor ? Mgi? =
— Definition of manufacturing tolerances —*C“;é h—
The impact of random changes must be considered — T
| | = A | 3
g :/\,f\f\l“\fj‘,{bﬂ,»w = 0.25 .mIA[\T P—
e S | oz n o AVERAGE M Variable factors
= L | 515 | ¥ * Board thickness
et = ¢ O * Hole Dia
Lanq dia variation §e) 0.1 ’ Y \ * Land Dia
_ | ., S | 0.05 I \ * Anti-pad Dia
e § o * Hole alignment
| 2 40 45 50 55 60 - Layer alignment
. Zo[ohml] . Dk

* Stub length

SE-9
Time[s]

Anti-pad variation 17
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PCB characteristic improvement by process

Stub accuracy control and inspection
- High-speed PCB achieve a stub accuracy in 0.15mm or less
- TDR inspection detects remaining stubs

Back Drilling accuracy Stub inspection
TDR (Impedance) X-lay image

— pass
— Fail

‘ Impedance

35 d H
Stub length ropping
Available 0.15mm and less T e

pass Fail
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Thickness ; 2IE
(mm) AL
1.0 o
2.0 AL
3.0 H
t3.0(120mil) t3.0(120mil)
4.0 D ¢0.08mm D ¢0. 1mm
(3.2mil) (4mil)
AR 37.5 AR 320
5.0
D: Drill bit diameter
AR: Aspect Ratio
6.0
7.0
8.0

Development examples
* "Fine pitch Through via Technology" reduces crosstalk for 56G-PAM4

Fine pitch Through via Technology

t5.3(209mil)

D= (pO 15mm
(5 9mil)
AR : 35.3

t6.35(250mil)

D=@0.15mm
(5.9mil)
AR : 42.3

t7.65(301mil)

D=@0.2mm
(7.9mil)
AR : 38.3

= Smaller 0.15mm drill is used to reduce coupling in the Z direction

i

o

~
PCB thickness : 6.3t Drill dia.:®0.25(9.8mil) = ®0.15(5.9mil)
0.8mm pitch/56G-PAM4
Crosstalk issues Aggressor  Victim Aggressor  Victim
Aggr(is_cl‘ Victim’/\Agg rrrrrr
LT
Wloupmg Coupli g[I I H_'—Al ﬁ »
, ‘ . Reduce
o ' : COUP"“L Coupling
X~ _ B I_,./"Fjr/ .::_— -+ o~
g Y ] JPanss
@ 4o g N 50| B - |
2 4 A ™~ / |
(@) an_| //' lll/
] ®0.25 Drill “1l I ©0.15 Drill
|
TTTI0t0 20E10 30010 40H10 SOR10 0EIC 1'53:1.‘, 10810 20810 30E1D  4OE10  SOE1D  OEIC
freq, H frea. H )
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Correlation between measurement and simulation

PORT1

* Characteristics control of high-speed trace including via

Target spec : Insertion loss : -3dB@20GHz + Board thickness 6.3mm
* 50 Layer / Megtron6

Impedance : 50Q+3Q (Tr=25ps) Vi (02

Good correlation between via TDR (impedance) I

and Insertion loss up to 60GHz '\d
Impedance controlled Via
Freq [GHz] 80
0 10 20 30 40 50 60 58
' Via

56| Via

ZO[Ohm)]

J¢ Optimization

)

?‘15 * Hole dia

0 » Anti-pad dia
25 * Stub Iength 42— Simulation_after Measure
30 Simulation_before Simulation_after it 401.0] - I1?1I - T1.l2r a 7173] - r&r - T1.'5
_ TDR (Impedance)

Insertion Loss
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Conclusion

* Achieve the development of high-speed PCB efficiently by
controlling materials, processes, and design

* Via’s characteristic control is the effective technology for high-
speed transmission

* Through the simulation with high correlation up to 50GHz,
realize the required characteristic with proper cost

* Aim correlation on 100 GHz as next step
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