univers'tétbonnl

Module Link

Hans Kriger, University of Bonn



Overview univers'tétbonnl

e Requirements & Constraints

— mechanical, electrical

e Flex kapton design

— layer stackup
— TML design

e Signal integrity
— schematic simulation

e Prototype layouts
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DEPFET PXD — Backend Electronic

e flex cable connect modules (power, data, timing)

e patch panel at end of kapton flex

— data links—> twisted pair cables

— power lines = larger cross section cables

— CML repeater/equalizer for Gbit links ?

e data handling hybrid (DHH)
— opto link to compute node
— local power regulation?

— receives timing signals from the machine interface

patch panel

to other half
modules
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Mechanical constraints un]vergitétb.onnl

patch panel
(rigid PCB)

23 mm

11 |4.5 |4.5 =|

® no connector on module end
e max flex width: 6.5 mm
e quite complex outer shape
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Signal & Power lines univers'tétm

e Digital signals between DHH and DEPFET module (DHP)

Signal name Type Description Comment
GCK LVDS in - system clock = 1/8 rowClIk (~100 MHz) generated from RF clock FO adjusted by additional factor on the DHH
FCK LVDS in - 99.2 kHz frame clock synchronous to the heam gap
TRG LVDS in - trigger 10-30 kHz
ThS LVDS in - JTAG mode select
TCkK LvDS in JTAG clock
TOI LvDS in JTAG data in
TOO LYvDS out JTAG data out
RST LvDSin  reset far all chips? polarity?!
DO[3:0] CML out DHP data out one per chip
1.25 Gbps

e Power lines
— DCD (3x analog + digital)
— DHP (digital 10 + core)
— Switcher (4x analog + digital)
— DEPFET bias (5x)
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Power / bias lines

'pnwer supplies
|DcD

\DHP

|SWITCHER

| Earmmon

\bias volfages

* min. copper width (17um copper) for AU < 0.4 V (10A, 50 cm length): 15 mm

name type

VDDA CCD analeg

VoDD DCD digikal

REFIM DCD analog ref
DGHD  commen digital ground
AGHD analeg grounc
AMPLOWY

WODIO  DHP IS rail
VDDC DHF core
DHGMD cligital ground

WDDS cligital supply
DGHD digital ground
VITAG  JTAG |1C rail

VDDIO  commen [O rail + DCD digital
CHGMD cligital ground

Welear_on clear on
Wielaar_off clear off

“igate_on gate on

Wgate off gate off

“zource source

Weeg commen clear gate
Whulk il

Vguard gurad ring {scge)
Whias backplans

[rovvar currant

volfage cument

fmAj comment ot thin thick imm]  drop V]

2300 sanza line 1
800 =zense line
100 sensza line 1
800 comman

2300 zensea line 1
1500 sanza line 1
100 sanza line 1

500 zensze line 1
600 comman

4
4 commoan
4 comman

804 zensze line
1404 sansea line

- i

20
20
30
20
100
a

]
Q
Q

=~ =% =2 =k 3 —L & 3 -k -3

signal pins: 24
4856 total sum:

universitatbonn

width  voltage
6 348 0,35
1.21 0,35
2 015 0,35
6 348 0,35
4 227 0,535
2 415 0,35
5 076 0,35
1 001 0,35
4 1,37 0,35
6 212 0,35
1
aT
78 1500

e total flex width (including digital, bias and sense lines): ~24 mm =» 3 layer flex, 6 mm wide
e still some safety factor if 35um instead of 18um copper for power layers would be used
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Proposed layer stackup universititbonn

‘ 6.5 mm ‘

perpendicular a)
cross section

~300 um

l¢—— (split) power plane
0 <«————— differential strip lines

' '"«—  (split) ground plane
longitudinal

g L1
Ln
N~
|
c) —] three wire bond rows, flex glued
to substrate (electr. passive)
|
|
cross section at

module end L2 <L1
alternative option:

| —

d) _‘ two wire bond rows for signal layer
and top layer and z-axis glue (or solder
or silver epoxy) for bottom layer

cross section zoom in b)
(not to scale)
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Transmission line calculations umvers-tétb.onnl

. . . air
e differential TML variants T $
- d=d1=d2=[25, 50, 75] pm JmlL. E e E
- =35 x ] l v ] i
. T S - T T > S e T
— s=100 um, w =[60, 80 100] um, t = 18 um - o - o
= | =
e target: diff. impedance ZO =100 Q2 differential micro-strip line differential strip line
— industry standard termination for differential signalling
— also DHP output driver has 50 Q single-ended output oo piferential Transmission Line impedance
impedance (could be adjusted to smaller values in future ' —&— micro-stip line, d = 75
Ch|p VerSIOnS) 130,0 —l‘: mfcro-strfp Iine,di 50 [
1200 - micro-strip line, d = 25y | |
' strip line, d = 75u
110,0 r—— striplfne,d: 500 -
* how to achieve this 1000 L T el e
— thick dielectric = overall thickness and cable flexibility £ 200 B e
— thin wires = yield issues, resistive loss £ 800 = —— =
— micro-strip line gives higher Z,, but becomes strip line R 700 T - —
when touching metal parts = impedance discontinuities 60.0 T -4
50,0 —
. . 400 \‘\\A
e need 50 um lines strip lines (d = 75 um) for Z, = 100 QO 30,0
— but min. width = 100 um, smaller width possible but not 20,0 .
recommended (yield, accuracy, resistive loss) 60 80 100

line width [pum]

=> base line: 100 pm width strip line with 75 um dielectric (Z, = 74.5 Q)
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e Simulation tool (HyperLynx, Mentor Graphics)
— schematic based: TML model from layer stackup
— layout based: TML model from imported PCB layout

e TML implementation
dielectric layer thickness d1 =d2 =75 um

dielectric constant € = 3.5

spacing 100 um, line width 100 um

signal layer thickness 18 um

-> Z,s.e.=40.1Q, 7,diff =75.4 Q

e simplified driver model

— single ended output impedance: 50 Q2
+ 1 pF parallel and 2 nH series parasitics

— rise time: 50 ps (ideal ramp)
— output levels: 0.8 -1.2V
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Signal integrity simulation basics

universitatbonn

Layer Stackup. Design: ThL calculation iz,

HyperLynx Line=im 8.0

25 um

Cover ———, 18 um
Top 75 um
Basis 18 um
Inner=ignal — Foum
Basis 18 um
BOTTOM —— ———25um
Basizs ———

Total thickness = 254 um

HyperLynx - LineSim ¥8. O - [TML calculation. ffs - Free-Fonm Schematic Editor]
g’g File Setup Edt Wew Models Simulate 51 Simulate PI Export  Window Help

e gy sls| 8] 2| | B 2(2(H] ]

iCleaning nets. ..

5| s e PR 7
~
L= | [
|8
| £
ol ls L
~| 3
o F "4
=2 R1
2|3 2.45R ns
| 40.000 em
E| T Coup]gd Stackup
m| W= 100.0 shims
o I_80,1.2v 08V 5.
*ﬂ}|%| 40.1 ohms
2496 ns
40.000 cm
Coupled Stackup
v




Signal integrity simulation basics (contd.) umverstatm
time-domain reflectometry (TDR) il r_res 'OSS—I-----i:

e input: ideal voltage step
e output: reflected signal measured at the driver
e resolves spatial resolution of line impedance

=» optimize layout: find & resolve impedance
discontinuities (vias, connectors...)

eye diagram
e input: pseudo random bit sequence (PRBS) or
8b/10b patterns
e output: overlay of waveforms at the receiver
triggered with the bit clock
®* measure eye opening
— vertical: minimum differential receiver input voltage

— horizontal: maximum timing jitter (deterministic +
random)

=» estimate bit error rate

ioo.0

0. 00—+

v
(1]
1
1
a
q
€
m
v

—100.0
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unmatched 100Q
| oo

driver output -> green
termination res -> red
R1 =100 Q ->light
R1=75.4 QO ->dark

12.000 1a.000
Time (ns]

200
Time (ps



Signal integrity simulation — advanced design

universitatbonn

HyperLynx - LineSim ¥8. 0 - [TX_Si_flex_repeater.ffs - Free-Form Schematic Editor]

e real design more complicated (| BRI olol 8] o|-| B 212/8[6] = | /[ mmm o mine 2|
H | -
— DHP driver (ESD, pad, bump bond - BE
| =
generate IBIS model, tbd.) +12] ~ e - ~
| 2 | c1
- Silicon SUbStrate g% ;?DEEUTS 6917 ps 7486 ns TOFéuaguUhgﬂS |—'—‘£ >
H b d t ﬂ 65 (D:ED%EEH& ki Simm&p éDDDPE?EI " gtmnkgm 100 nF 1 >
— WI re on o ex EE nups ackup nups kg ackup n ¢|
ﬂeX (\/) %i raviavosvs. | e ! 0aeF MCEACTE
- Glel A
. 147 8 ohms 3008 ohms 40.1 obms 40.7 ohms
— Via (\/) 23 046 ps 681725 24951 5 i 3,950 ps
. gggg\e:dm:%tackup iy éUnErU r‘gta:kup vias Jar;[;iucg
— receiver ICs (V/, IBIS models from vendor)
receiver inbut in silicon wire-bond flex inner flex outer B
wire bond put p substrate __ to flex ] layer E— layer

capacitance

4.000 6.000 8.000 10.000 12.000 14.000 16.000 18.000
Time (ns)
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Signal integrity simulation - outlook umvers.tétb'onﬂ

work in progress:
e define simulation model for DHP CML driver

e |ayer stackup for routing on silicon substrate (2 or 3 metal layers)
e simulate different receiver components
— repeater ICs

— TWP or coax cables (for passive patch panel option) (
* board level simulation i
— import flex design and re-simulate ~

-

'\._\‘ 7
— will be important for designs with complex flex outline e . &

4
D,

H. Kriiger, March 8, 2010 12



Flex link prototype design umvers—tétm

e simulations are good — but measurements are better...

e what do we want to test & measure?
1 line impedance (process tolerance), attenuation
2 repeater performance (max. cable length, radiation tolerance)
3. flex attachment to the substrate (wire bonding & gluing)
4.  data transmission with DHP 0.1

e flex designs variants (20 — 30 cm)
A) differential line pairs with variations line width & spacing, both sides with WB balcony

B) flex with rigid PCB on one side (patch panel) comprising supporting different commercial board
equalizer chips (repeater) and different connectors (SMA, RJ-45...)

C) same as B) but with one repeater only plus external connectors for support of all
DHP 0.1 signals + power = DHP 0.1 test system
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Prototype flex designs variants umversitétb'onnl

A) diff. TML pairs with line width / spacing variations, WB balcony on both ends

DSA L=20-30cm DA
BERT BERT
— —
adapter PCB with SMA
connectors & WB pads
B) diff. TML pairs, patch panel on one side with different board equalizer ICs (repeaters) + connectors
DSA DSA
BERT BERT
— —_—
C) similar to B) but width different patch panel & flex layout for DHP 0.1 test system CLKs, ITAG
bump bond
adapter with
DHP (& DCD)
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Layer stackup for test flex univers'tétm

balcony <1 mm

rigid PCB on flex end (top or bottom)

r

cover layer LF-0110 50u

base material AP-8525 18u Cu + 50u

adhesive layer LF-0100  25p

base material AP-8515 18u Cu + 25u

adhesive layer LF-0100  25u

base material AP-8515 18u Cu + 25

L]

cover layer LF-0110 50u

opening for electrical contact (glue or solder) total thickness ~300u

e design rules (for 18um copper):
— 100um line width & spacing (80u line width?)
— 200pm/400um via hole/outer ring diameter
— dielectric constant: 3.4 — 3.6 for all isolation layers

e 75um dielectric above and below the (inner) signal layer
e bottom layer “upside-down” for glue attach area
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Summary univers'tétbonnl

e (initial) definition of flex design parameters
— power & signal requirements
— layer stackup
— TML parameter
e started signal integrity analysis
e design of prototype flex structures ongoing (production planned for end of March)
— high speed link test bench: DSA, BERT
e did not touch:
— power issues

— connection from patch panel to DHH

e other groups (URL, TUM...) are welcome to join in for the final design
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backup
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Board equalizer

univers'tétbonnl

e basic operation principle: compensate low pass characteristic of TML with matched
high pass filter at input of the receiver (active filter)

— fixed high frequency boost or programmable or adaptive = compare input frequency
spectrum with ideal (white) spectrum and adjust filter coefficients accordingly

— alternative: add HF boost at driver output (pre-emphasis)

D

driver
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TML

block diagram

HPF

D

receiver
with equalizer

DIFFERENTIAL EQUALIZER INPUT SIGNAL (TOP) AND OUTPUT SIGNAL (BOTTOM) AT
2,125 GBPS USING A K28.5 PATTERN

Input Voltage
100 mViDiv

Output Voltage
200 mW Div

36-Inch x 7-Mil Stripline

Input Voltage
100 m\ViDiv

Qutput Voltage
200 m W Div

Time - 150 ps/Div

36-Inch x 7-Mil Stripline

L ;l ﬂ s

Time - 2 ns/Div

TLK6201EA Board Equalizer (Texas Instruments )

18

f

e
I

SR IN.
{(\ || \“| | HI/ "




Lossy TML

e differential strip line

dielectric thickness : 75 um

dielectric constant: 3.5

spacing: 100 um, width: 100 um

metal thickness: 18 um
length: 40 cm

e impedance and loss
Z,=40.2 Q)

DC resistance R, =3.8 Q2

Laver Stackup. Design: TML calculation ffz.

HyperLynx Linesim a.0

——23um
Cover ——, 18 um
TGP 75 um
Basiz — 18 um
InnerSigrial — Taum
Basziz 18 um
BOTTOM — ——25um
Basis ——

Total thickness = 254 um

effective resistance @ 1 GHz R4 =24 Q
attenuation 20 log (Z,/(Zy+R.¢)) = 4dB
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&0 Resizstance [ohm]
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a0 /
an //
a0
=
20
//
10
0 Frequenay [MHz
100 1000 1.00e+004
Attenuation [dB)
05F
20
| | total loss
15| resistive loss /
dielectric loss
12 /
8 /
A
-
4 -
.,-'—""'f'-_,_,-——"_
4—'—'_'_'_'_ | ——1
D":'#_—————”ﬂ Frequenady [MHz
100 1000 1.00e+004
Loss 19



TML impedances: flex kapton and Si substrate Universititbonn

micro-strip line (no top metal layer), 18 um copper micro-strip line on silicon substrate, 1 metal layer, 1um Al
line width | spacing | dielectric | ZOse. | ZO diff line width [ spacing | dielectric | ZOse. | Z0 diff
60 100 25 39,2 74,0 S S 0,2 ar7 92,5
80 100 25 33,6 63,7 3 S 0,2 495 107
100 100 25 29,5 56,0 micro-strip line on silicon substrate, 2 metal layers, no passivation on top
60 100 50 56,0 96,9 line width | spacing | dielectric | Z0 se. | ZO diff
80 100 50 49,6 86.6 5 5 0,2 6,9 13,8 | no passivation
100 100 50 44,7 78.6 5 5 1 26,1 50,5 | no passivation
60 100 75 67.0 | 1074 5 5 1 23,9 45,8 | 1 p passivation
80 100 75 60,4 97,7
100 100 S 1 20.1 bulk resistivity [Ohm/m]
strip line, 18 pm copper Cu 1.724 108
line width | spacing | dielectric | Z0 se. | ZO diff Al 2.863 10¢
60 100 25 25,7 51,2 Ag 1.63 10°
80 100 25 21,3 42,6
100 100 25 18,3 36,4 Au 2.7210°
60 100 50 | 407 | 789 Zn 11.510%
80 100 50 35,0 68,2
100 100 50 30,7 60,0
60 100 75 51,1 94,6
80 100 75 44,9 83,8
100 100 75 40,1 75,4
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High speed signalling test equipment umversitétm

® 20 GHz Sampling Oscilloscope (DSA 8200)
— high speed data links characterization
— time domain reflectometry (TDR)
— eye diagram analysis

¢ 3.35 GHz Pattern Generator (Agilent 81134A)

— real time signal measurements

e FPGA based bit error rate tester
— ML-505 board (Virtex5LX110T)
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