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Current Activities:

Owner and operator of GigaTest Labs, Inc.. Tom provides as a service, electronic
network measurements at microwave frequencies, on semiconductors, hybrids,
packages, interconnect structures, components and systems. Certified network

measurement equipment with a frequency range from 45 MHz to 40 GHz and resuits
are verified.

Brief Synopsis of Background:

Applied Physics, University of Missouri at Rolla ('63—'65), University of Missouri at

St. Louis ('69—'71). Instrumental in establishing Microwave Integrated Circuit and GaAs
FET technologies at Teledyne MEC ('71-'80). Served as Manufacturing Manager at
Harris Microwave Semiconductor ('80—'87) and made significant contributions to the
growing GaAs device business. He established Strouth Technical Sales in 1987,
representing leading edge manufactures of semiconductor technology, and GigaTest
Labs in 1989, providing measurement services for the electronics industry.

[l HEWLETT
PALKARD

-

& g -—i!




Package Characterization and Modeling Process
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HF Package Modeling Process

High Frequency

Basic Terminclogy —_— = Creation of equivalent hi circuit
network using MDS (HFDS)

« Dptimization of cirguit values
untl measured =madeled

» Conversien af distnbuted circuil
a'amenis into lumped LCAR
networks for usa in SPICE
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Outline

« Transmission line models and construction
« Time domain concepts

» Frequency domain concepts

« Time and frequency relationships

« SuMmary

T

HEWLETT
PACKARD




Transmission Line Models
and Construction

« [Transmission line models
« Transmission line construction
« Impedance curves

» Transmission line crosstalk model
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Simple Transmission Line Models
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Transmission Line Model
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Transmission Lines

Two-Wire Line Coaxial Line
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Typical Transmission Line Structures

Microstrip Line
Embedded Microstrip Line /
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Microstrip Impedance Curves
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Transmission Line Crosstalk Model
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Time Domain Concepts

« TDR - Time domain reflection
« TDT - Time domain transmission

- Examples
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Time Domain Reflection (TDR)

Transmission Line
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TDR - Important Conditions

Impedance |

—— Z_ == (0Open)

‘ Inductive I
Zo

~ Z =50Q
(50 Q) (Matched)

i Capacitive I

. £ =0 Q
(Shorted)

Time (Or Distance)

£ = Zgis called an “impedance matcn”
Z, 2 Z51s called an “impedance mismatch”
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When Does Impedance Mismatch
Cause Problems?

PC Trace
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Time Domain Transmission (TDT)
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Transmission Line -
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TDT - Important Information

l Device Loss |
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Example Package Measurement

Trace Within Package
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TDR Measurement Example
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START -100.0 ps {Courasy of Cascade Morotach)
STOP 20ns

Observations:
« Mismatch between traces and 50 Q2 line dominant factor
- Package pin inductance negligible

» Can gain insights into general circuit topology for SPICE from
observing TDR of package
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TDT Measurement Example
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Observations: ,

» Propagation delay through package is about 1.2 ns
» Loss through package is negligible

» Risetime degradation is about 200 ps




Frequency Domain Concepts
* S,y and S,, - Reflection parameters

» S,y and S, - Transmission parameters

+ Measurement examples
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High Speed (Microwave) Concepts
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> =>

Reflected

NETWORK

£ [ HEWLETT
ETS@“‘ ol PACKARD




Reflection Parameters
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S,;; and S,, Important Conditions
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Transmission Parameters
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S,;and S,, Important Conditions
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Scattering Parameters

Incident Transmitted
a, d,
S11
D, D,
Reflected
S - Reflected D, S - Transmitted D,
L Incident a, <! Incident d,
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Scattering Parameters

521

Composite 8. S, Response

Interconnect PC Board Package/Device
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Example Package Measurement

Trace Within Package Trace Within Package
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S,,; and S,; Measurement Example

Volage s Voltage
Rano ' - > 4g PRaba
10 00 et S11 _ oo 10
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0 20 1

=30 0.3
| (Couresy of Cascade Mcrotech)
| i Ed i Lye s L . el
1.00 200 320 404 5400
Frequency (GHz)
Observations:

* Reflected energy (S,,) becomes excessive above 800 MHz

+ Bandwidth of package is about 1 GHz (will transmit signals with risetimes as
fast as 350 ps without significant distortion assuming interconnect BW = 0.35/tr)
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N

Magnitude and Phase vs Frequency

1 GHz

¥

i %, ! A F
\ - N _ 7
O 100 MHz Steps R B :r:am-.:,r i 4}//”;
O 25 MHz Steps \(f Cascace Mcrotech) _._ﬂ_‘: /
H‘“-wf’ SMITH
Observations: CHART

 Major effect of package is inductive
- Package becomes lossy above 1 GHz

« Ability to measure package at higher frequencies reveals several resonances
and provides insights as to possible sources of high frequency problem
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Time and Frequency Relationships

» Risetime and Frequency Relationships
« Measurement BW vs Risetime

- Comparing Measurements in Both Domains
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Risetime and Frequency Relationships
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Clock Frequency

Bandwia.»
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Measurement BW vs Risetime

CaAs (ASIC)

1ig 5.
ECL (ASIC, BeChbOsS)
1510 4=
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varficatan M =312 5
Simulaton M =S50 10
M a
1
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a.a1 a,1m 1.00 10,0 104

Alsatima {ns)

Example: for a pulse risetime of 0.5 ns, what minimum frequency range
should be used for hardware verification.

BW = (0.35/0.5 x 10°°) x 5=3.5 x 10° or 3.5 GHz
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Heflectmn Parameter Relationships

TDR ' ton s e it 2 00 0 o e
B "T‘ st el i e : ————————— ap—
AR ::Q‘z '_':'u_;r— —f:;';_':"* - Too much impedance
z . it - gt —-—-+x - yariation in the time
B va—— S R 2 -
° — k- —————ee 5 dOMmain ...
_ ] - T :"r F !"-__-

ail
Raio 9§ dg ;a:ie
10 0.0 00 10

. will appear as
0oz reflected energy in the
1.,  frequency domain

01 -20

4 -30 0.03

100 200 2300 400 5.00
Fregquency (GHz)

N\%‘_ HEWLETT

PALHKARD




Transmission Parameter Relationships
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Crosstalk Parameter Relationship
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Summary

« Measurements vs information

+ Instruments vs measurable parameters
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Measurements vs Information
« TDR

~ Impedance of elements within package
- Visual indication of circuit topology
- Prediction of signal integrity problems due to impedance mismatch

+ TDT

- Indicates propagation delay of package
—Can view risetime degradation
—Shows loss in signal amplitude vs time

* Sy

- Shows reflected energy as a function of frequency
—Can characterize complex loads vs frequency

—Can see frequency range over which package is mainly inductive or
capacitive (Smith Chart)

* Sy
— Gives bandwidth over which package will operate

—Can calculate risgtimes the package will pass
— Indicates where package resonates (Smith Chart)
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Instrumentation vs Measurable
Parameters

xff’#
LCZ
Meter No No (<40MHz) | (<40MHzZ) | (cdomHz) | NNO
TDR
O'scope Yes Yes No No No No
Analyzer wiopt W!g;t Yes Yes Yes Yes
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