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Breaking the limit of high speed signal

Twinsolution Engineering

2015.07.14
Think big, start small
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The Importance of Test Contactors for High-Speed Digital Device Testing ﬁ

UsB A 480M A5G /
PCI Express ( A 2.5G AI 5G A 8G | |
Serial ATA A1.5GA 3G | A 6G | |
SAS [ A15GA 3G A 6G | |
§ : : : y
Fibre Channel A1G A2G A 4G A 8G A 16G
| | I
Ethernet A1G  A3.125 (XAU) A10G
HDMI ( A1.6G A3.:1G | | )
DisplayPort i A2.7G IA5.4G | |
FB-DIMM ( Azll.SG Asla.sc; | ]
\ | | | )
DDR AIGA1.6G |
C_JAvailable 0O 1 2 3 4 lS 6 7 8 9 lO 1 12 13 14 15 16 Gb/s
Planned Signal Integrity is important
1. Memory interfaces are also increasing; LPDDR3 architectures are currently running at 800MHz, and the

bandwidth is 12.8GBps. LPDDR4 is running at 1.6GHz, and the bandwidth is 24.8GBps.

2. SerDes Port : 30GHz Twin
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What Makes High-Sped Digital a Challenge?
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Amplitude, V

2 10 20 30 40 S0 &0 70 80 30 100
Frequency (GHz)

Aghent | l
t To convert this rise and fall time into its -
| 3dB equivalent bandwidth use the well
known formula BW= 0.34/rise time.
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Key Points
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Sl- Single Signal Integrity
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SI- Single Signal Integrity

{ 172 Pin ] 475 Pin }
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Eye trace

SI- Single Signal Integrity
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Octopus — Grounding Redistribution

* Pitch 800um
* Pin Length: 2.85mm
Device: 6GHz

e Status:
v" Customer Mass Production

* RF Performance:
- Insertion Loss< -0.1dB @ 2.4GHz
- Return Loss < -25dB @ 2.4GHz

- Power Loss: -0.8dBm ( Improved
around 1.5dBm)

Center Grounding Redistribution Copper Block
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SI- Single Signal Integrity
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Definition of Inductance

Inductance L is magnetic flux through a loop area divided by the current

Inductance is ONLY defined for a loop

® = [B'dA over area D
L=0®/1
V = L dI/dt

_ ﬁﬂ

Area

O

N

(h_
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Self and Mutual Inductance

7

(07T

V

e
-

Self loop inductance generates a voltage V1 in the driven loop

Mutual loop inductance generates a voltage V2 in the adjacent loop

» Note — current in adjacent loop is 0

TwinSolution



Partial Inductance

Partial Inductances are the Self and Mutual Inductances of the loop segments

Mathematical construct - They have NO MEANING independent of other
partial inductances that form a loop

An isolated segment CAN'T have inductance ( ( )
3

Partial inductance is used

to calculate the inductance
of a loop formed
of segments

G OD
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3D Field Solver Partial Inductances

| @del]

Z eoel|

€ 8del |

ELN

(B I

Trace1

Trace 2

Trace 3

3 Traces in Free Space (no
reference plane in structure)

» Typical for 2 layer packages

L1, L2, L3 — Partial Self
Inductances are determined
mostly by length, smaller
effects from width and height

M12, M23, M13 - Partial

Mutual Inductances mainly a
function of spacing and
length
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3D Field Solver Inductance Matrix

Trace1 Trace2 Trace 3
Trace 1

Trace 3

- ONLY LOOP INDUCTANCE HAS MEANING

- To define loops, the current paths must be defined

Example: Trace2 is a return path

» Tracel to Trace2 loop = 5.16+5.16-2*%3.78 = 2.76
» Trace3 to Trace2 loop = 5.16+5.16-2*%0.464 = 9.39
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Why Partial Inductances are Misleading

Actual test case comparing
various extraction tools A B C D

Question? Which tool g|ve5 the correct Self Partial 1 5.280] 4533 10.0724 10.100
partial inductances? Is conductor 15 | ¢partial2| s.ssel 5375 0022  s.261

self partial inductance 4.5 or 10.1? 44|
Answer? They are all correct! Partial i o L 6.900
5.27s| 4,546 4.606I

inductance is only meaningful with |Loop 1-2
respect to other partial and mutual

inductances within a loop. Partial

inductances can't be compared

between tools or even different

simulations on the same tool. Only

loop inductances can be compared. In

this case they are all within about 15%. width of center trace | 50 um

width of reference 250 um
Retum Path 1 2 width of gap 25 um
thickness of trace/ref.| 10 um
height of substrate 60 um
dielectric constant 45

5.561

»|length of trace 10 mm|
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Signal Loop Inductance Model

These 2 circuits are equivalent

I L1

3

< ) DQx —'L-Ioopl——< |

1

ZLN

AR Loop Inductance of DQx to Gnd
Gnd L loop=L1+L2-2"M12
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Simulation with 2 Inductors

Ldoop=10+10-2"9=2nH  Fqyivalent Circuits

Single L=L_loop = 2nH

Incorrect result using e g g 12
only partial inductance ! '
and ignoring mutual

terms 0

Single L=L_Partial = 10nH

Twin



{ Simulation Setup
BGA-Product

G ﬁ //Socket Model
oy S ——————PCBTrace
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Result
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Original Design:
W oy — 0.2mm Pin Design
i i — Block Clearance: 0.3mm
Y N
Uiy 0 New Design:
weouoow 2 — 0.26mm Pin Design
— Block Clearance: 0.36mm

Double side GND wrap.

TwinSolution



Isolation Data (Measurement Vs Simulation)

a
[ 0.2mm Pin Design J [ 0.26mm Pin Design }
(e I~ L~ (Y S T o I 5 T~ N ' B e Y
o A A A A T T N T T M g 0
- A A A A - - - - - 4
R i e S EEEEEEEEE
222 ZEREBELEE BT EEEEEEEEE:
0 0
-5 5
-10 -10
-15 -15
-20 -20
25 | N\ /35
-30 vl\/““-"" -30
_35 _35
-40 ——0.26mm Pin Design
45
——0.26mm Simulation
=—(0.2mm Pin Design 0.2mm Simulation
Difference Average: 2.4dB Difference Average: 0.33dB

1. 0.2mm Pin design has a larger difference compare with 0.26mm pin design,

might because of insufficient GND of the outside block. TwinSolution




2 Design Isolation Comparison

—0.26mm Pin Design  =—0.2mm Pin Design
1. 0.2mm Pin design has better absolute value compare with 0.26mm pin design.

TwinSolution
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Skyeye- Fine Pitch

e Pitch Range : 300um to 500um
* Pin Length: 4.2mm
* Device: 20Gbps

[ Socket Center Using Copper Block Grounding J

* RF Performance:
- Insertion Loss< -0.3dB @ 2.4GHz
- Return Loss < -30dB @ 2.4GHz
- Isolation< -21dB to -25dB @ 2.4GHz

Center Copper Block

Center Signal Pin

Grounding Spring Pin

Insulation Retainer

TwinSolution
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Comparison With Traditional Socket
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Isolation @ 2.4GHz
420: -20dB
330: -16dB
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Tesla- High Speed Digital

* Pitch Range : 0.4mm to 1.27mm

{ Full 50o0hm Impedance Control }
* Device: 60Gbps / 40GHz

Coaxial Socket

 DLC Coated Probe

<— Teflon Ring- Provide Insulation

<— Insulation Conductive Material
Signal Pin — Controlled 500hm

Power Pin— Insulation Coating,

As close as possible to center grounding
block, to provide less inductance

Ground Pin— Grounding,

TwinSolution
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Zigmal — S Contactor for QFN

— —

For Analog/RF Testing '

Typical Wiping length  Short chamfered
0.1770.22mm corner pads

Advance Contact ISR |

Finizhing [ACF] ZIGMA wiping length Wettable flank pad/ Mo Fin Engagemeant
=nna 507100% shorter dimple pad Wih Beck-Ctopper
Technology length
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Zigmal — S Contactor for QFN

ZIGMA Grounding Pin Solutions

Bell Contact Hinged Contact Insert ZIGMA Short Pin ZIGMA Pin
(BC) [HCI) [ZSP) (ZP)
[Patent Pending] [Patent Pending]

For Package: For Package: For Package: For Package:
2 2x2 2 3x3 =4x4 2 HxH

ZIGMA Grounding Block Solutions
Ground Block Ground Block with Pin Spike Ground Block Spike Ground Block with Pin

=

For Package: For Package: For Package: For Package:
2 2x2 2 3x3 (With HCI) 2 2x2 2 3x3 (With HCI)
= 4x4 (With ZSP) 2 4x4 (With ZSP)
= 5x5 (With ZP) = 5x5 (With ZP)
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Zigmal — S Contactor for QFN
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Blade- Elastomer Contactor Socket

Socket Example

Name X Y m2
m1_|31.1509 |-20.0022 ot

m2_ 37,6758 1.0004 — dBHP1AT)
Setupl - Sweep

— dB(SH(P1.P2))
Setupl " Sweep

wwll | Insertion Loss: 37.7GHz @ -1dB
- Return Loss: 31.2GHz @ -20dB

obo T 7 Tsbo T 7 Tl T 7 sl U7 Tmolgp” T 7 Tasn” T 7 Taohot 7T Taslo” T Taoloo
Frea IGHz1

1YV I JuUiugniwan g




“ower Integrity
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Ultra-Miniaturized Mobile Computing Platform

2. LOW LOSS
1 SWITCHES
RECONFIGURABIN' FOR Logic+Memory+RF
MIMO ANTENNAS |  RECONFIGURABILITY W g 02GHz
e /53D = NNV
2.4GHz 0GB/~ — s -
o~ v @ T i
""" P2USignal Liné
Digital e 1T
&/ ve s Frocgher WiMax =)
Y I T ;- )
FEM > DooDooUn> 9GHz g
4x4 Tx/Rx “ o f o e st el e
GND /
PWR
Maintaining
3. THIN FILM 4. TUNABLE E-MBEDDED Slgna! ar.1d Power
PASSIVE E/IOAEERIALS DIE Integrity is a
COMPONENTS Major bottleneck
RLC TLINES RECONFIGURABILITY J

AND EMI REDUCTION
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SSN in High-Speed / High-1/0O Packages and High-Speed
Boards

Core Circuits
(Communication within IC)

\Vdd / /O Circuits
Active Device (IC) PN (Communication outside IC)
Q‘ZUQ‘“ I — ’:2 Q¢ P Qe
S = P = Signal Wires ‘@\0‘3
= — @
Gnd = N \\\\\":‘\\\’& p
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Jitter caused by SSN forI/0

Vdd

Varying Voltage Droop
on Power Supply due
to SSN y

Output driver waveform

> T time
Uncertainty in Delay due to SSN causing Jitter
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SSN affects Jitter

Eve frace=

0 08 3 e
I‘ 4 .: .. 1 91
it f 11
fb 0.6 iy 11
i L ¥
e 5 04 Nt /s "\
11 -'\ ! ;.'\
bl 0.2 LY %
3 i) vy
e B
0. 00| s ™ e
—— | ]
- T ] T T JI 1 T 0.2 T 1 1
Fii b i % i B 1w wur 1w 18k 1R e LD 0 0 0 € o0 80 100 120 140 100 180 200 220
1 fime, psec
— | |e— > |——

Jitter = 18 ps Jitter = 8 ps

50um thick dielectric 18um thick dielectric

PDN Impedance affects jitter in high speed signaling
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Power Distribution — D
Problem

Package & Board

C to Daylight
- ‘ Chip

> Chip Power_’i

'4 Board and Package Power Distribution

A
[

VRM Decoupling Capacitors

Distribution

i02

K it
1

I

1

st

v 1
" :
\!§§V 1

:

1

1

1

]

Planes Orthogonal Wiring

§< Low to Medium Frequency

Chip — Package Co-design of Power Di

THigh Frequency—p

stribution necessary

for high performance systems
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mag(Z(2,2))
mag(Z(1,1))

thout
cket
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freq, GHz
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Power Distribution

Package & Board - ‘ Chip

4 O

PCB Board — SOCKET — ——> Die

\ / Package L

Chip — Package Co-design of Power Distribution necessary
for high performance systems
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/ Original

Optimiz

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

freq, GHz
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33ice 1

a0.000

i

5&.000

3

maq(Z(1.1))=3.665

freq
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"\Solution

1E6 1E7 1E8

1E5

fre

X

=3.665

mag

m

1E9

|
1E8

|
1E7

|
1E6

1E5

frea. H7

frea. Hz



_ NODECOUPLING .

e §

o 1% ' 10° 10 1"

Figure 8.66 Comparison of the effect of different test fixture PDN designs on the data
eye from a DQ pin of a DDR3 memory running at 1.6 Gbps.
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VNA PORT1

S
G

VNA PORT2

G

SI

PDN DPS SIDE

VNA PORT1
S
G

Power Impedance Measurement

. PDN
DUT TEST FIXTURE DUT
PDN e— SIDE

STEP1: Measure Sy, to get Z,,

PDN DUT SIDE

DUT TEST FIXTURE
PDN

AI_I

VNA PORT2
S
G

=

STEP3: Measure S,, toget Z,,
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Power Impedance Measurement

(1)
ZVNA Sy
== (1)
1 — 59
+(2)
ZVNA  Soj
n == @)
L= 5y
. Zl I Z")') ’Z] I Z')")
s T ZVNA g(3) 1+ ZVNA T ZVNA T ZVNA ZvNa
12 = 421 = —5 21

(3) Zi
1+ 551 5Zvan

(H.1)
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Power Impedance Measurement

(c) Using a probe together with an interposer to measure the test fixture
performance including the DUT socket

- network measurement setups (left:
) Z12).

TwinSolution



ADC Load Board

B 5.104 ADC 5 H 89 PWR 51 B GND 5| BEI 22 2% i 25 2848 48 () far

*'wt'
i

T (INZE¥ H National Semicondu

—J
s
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ADC Load Board- Correction

s e SEEOE
AR aimpes
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Result
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\_—_-.ﬁ"'-
R, Conductor resistance
AR, Constriction resistance
a Diameter of a-spot

1 Apparent (nominal) contact area

Real contact area

@it Load-bearing area

Quasi-metallic contact area
Conducting contact area (a-spots)

TwinSolution



F. =cHA,



Contact Point Temperature Difference

1

—~df = (I*R) +dR. = I!R » == + dR
8, PA
d.‘
.I r“ 4= [—EJ—RdR
a. é P‘l a
IrR: U
T. = 3 - ﬁb ‘g? = STP
_I'rRi _ U
= QLT — 8IT

TwinSolution



Spring Pin Contact Resistance

Side Load Algorithm
b Compression

40gf

fc(x)=(1+u)*f0+<1+u*lslg )*K*xc

2" X
35¢f
» Extension
Compression Fit Line
30¢f

l
fe(x) = (1—w) = fy + (1—u*lsg )Kx

Compression Measurement Data ,¢ | > ~ Xe
25gf POMES.
v _ o u =  Frictional Constant
/" Extension Fit Line
20gf £ fo=  Preload Force
: K= Spring Constant
\

X Aoncinn- Mo alaa¥ala [ )

15gf ; on-Measu Dats
® Side force is impacting the total spring
force,
10gf

Friction Constant ® Side force provide the robust contact of

the slid bearing.

5qf ® By using the algorithm, we are able to

determine whether the pin is designed

0gf - ‘ ‘ ‘ a good contact situation.
Omm O0.1mm 02mn03mm OanOSmm 0&mn07mm 0&mn09mm 1mm TwinSolution




Resistance (mOhms)

40

35

30

N
o

Jomd
w

o
L

10

15

(Low Contact Resistance (250K) )

20

25

30

35
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Firefly— WLCSP Probe Head

* Pitch 400um

* Pin Length: 2.4mm
* Device: 3GHz

* Sites: 8

* Pin count: 960

e Optimize to minimum deflection of
PCB board.

* Status:

v Customer Mass Production

TwinSolution
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FireFly: Case Study

{ Probe Head Electrical Performance Benchmark

s

BT TXDEVM_RMS_8DPSK_39

Supplier | L

BT TxDEVM_PK_8DPSK_39

Supplier W ——

Twin -250Pin

45

40

35

30

25

20

15

10

5

0

Lower Power Mode

35

30

25

10

5

20
15

a

35

30

25

20
15

10
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FireFly : Case Study

[ Mechanical Performance - DC Continuity Test ]

mohm 300

Site O to Site 7 Contact Resistance Variations Chart

20 Contact Resistance Variation (Device + Probes)

')

150

100

50

—

g
)

0 —
Z a2 O "o O HMm=WwReoTONROOHANTINENON®EZO 10000 YUY YUY ==a
S S 20 ddoddodaacdaNdcdmado oo ) |2 222 &€ &&os o
! Imlglln—C[n—CEQQQQQQQQQQQQQQQQQEEEEEEEI|I|I|I|°°|°°|°°|""|_,| R
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B The minimum contact resistance variation from siteO to site7 is pin XTALO, and
the contact resistance variation is 9.8mohm. This can consider the pure spring
probe’s contact resistance variation.

B The maximum variations happens to pin WL_BB_QP_SRC, it is around 240mohm,

which should be also related to the device itself. . .
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