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The challenges to succeed in Mixed Signal ezv
IC design at Microwave frequencies

4 major areas require investments with specific focus
for Microwave Mixed Signal ICs:

vl =Chip design.

«Package design.

Characterisation.

NN N

«ATE Platform, Test tools development and test
programme development specifically for Hi-Rel
Temperature ranges.
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Package design. e !V
255-CCGA, Two e2v product use the same package.

EV10AS180 : ESA ITT 10bit 1.5GSPS L-Band ADC.
EV12DS130 : CNES Sponsored 12bit 3GSPS L/S/C-Band DAC.
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Package design. ezv
Form factor and structure

- Case of EV10AS180 L-Band ADC and EV12DS130 L/S/C-Band DAC.
- 255pin and a min pitch of 1.27mm led to a form factor of 21x21mm.

-A double deck package structure was necessary.
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Package design. ezv
View on the double deck structure.
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Package design.

View on the double deck structure.
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Package design.
Pinout overview.
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Package design.
Electrical lengths (ps)

This analysis becomes
necessary for ICs operating  *
iIn GHz range. .

Optimisation through routing
trade-offs needs to be done.
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Package Design ezv
3D Electromagnetic Simulation

3D EM simulation was done using HFSS v11.

It allows exhaustive and accurate calculation of S- HESS™ .. ‘1
parameters of the full package structure. N
This was necessary to achieve accurate optimisation of the e u

package design at microwave frequencies.

The HFSS tool divides the detailed and accurate geometric
model into a large number of tetrahedra where a single
tetrahedron is a four-sided pyramid.

S11 and S21 parameters have been the subject of deep
analysis and optimisation work to achieve the best possible
signal transmission through the package and secure the
guaranteed electrical performance of EV10AS180 ADC.

S5 Solder Column Interposers

;;:ﬁ?\/ias
The objective was achieved with S11 of - Vias Coverdots
15 dB and a transmission S12 of -0.3 dB 7

at 2.0 GHz.
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Package Design ezv
Thermal modelisation

Step 1 — Initial work based on assumptions prior to completion of silicon design.

Simplified model based assuming that heating occurs on a square surface equal
to 25% of overall die surface. Positioned at the center of the die.

Tmin die = 1Z.Z48 Fower = 1 Watt
Tavg die = 13.552

Tavg heatingzone = 15.082

RTH_j_board as JESDS1-8

— I"'-.. —=]
Y e an Tref=0°C at
bl FCB sides

15.96-3.38 °C for 1 Watt
= 2.5 "CWatt |

Thiz paint as reference

\ |
B

Th n:-:ard_l:u:n d'-‘,-'_:a'-.-'g = 4.761 a D :i_t'['l_pl:‘.h 3939 rnd L
Thoard max = 8.387 Eth pch = .19 Watt per cm.K
[

T I —
0 4 =

One heating block, gquarter gecme

Thermal simulation of the package was done using ANSYS v11 simulation tool.

This software allows for accurate finite elements calculations of thermal performance

of the full package structure.
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Package Design ezv
Thermal modelisation

Step 2 — Accurate mapping of heating blocks on the die.

This allows for comprehensive and accurate thermal simution of the full package
assembly.

NODAL SOLUTION Tmin_die 9.318 Power = 1.5%0Z W
1o oC o

Tavyg die
SETEP=1 T

SUB =1
TIME=1
TEME

1200
1400

Wede—count 818171

Densité de puissance des blocs | Power density in each bloc

2 max hotspots found with only
20°C difference with Temperature
at solder joints. - 0

Multi heat Blrocko, "rh  Hode—count 518171

Rth JunCtion t() PCB = 1258°CM/ CHCGAZSS Tref= 0°C at bottom of colurmns. Ptotal = 1.902 Watt
JEDEC JESD51-8.

© e2v Slide 11



Characterisation e !V
Top level characterisation plan for EV12DS130 - 1/2

Characterisation is a vital part of each project.

The goal is to perform exhaustive series of tests to validate every feature of the
device, every performance point described in the product specifications, and how
these interact with each other when the device is exposed to a Space environment.

For Advanced Mixed Signal ICs at Microwave frequencies, the duration of the
characterisation work can be several months.

It varies typically from 3 months to 1 year depending on the level of innovation of the
product, its complexity, the number of product derivatives planned as part of the
project and the complexity of the measurements to be made at Microwave
frequencies.
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Characterisation e !V
Top level characterisation plan for EV12DS130 - 1/2

Characterisation work is fundamental, especially for projects which specifications
represent a performance breakthrough, i.e. first 12bit DAC covering L, S and C Band at
Fout.

The Quality of Characterisation determines the following:
- The chip designers’ level of understanding of the pyW MS design.
- The quality of the datasheet (avoiding loose min and max values).

- The quality of the ATE test plan. i.e. how to set the right min and max test values to
deliver good products and prevent risks of “No-Yield” situations.

Experience has shown that in order to secure project schedule, and in order to keep
project budget under control, for yW MS ICs it is worth investing on Characterisation
capabilities:

- Seek for highly experienced engineers.
- Lab equipment investment.

- ATE Characterisation time slots.
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Characterisation

Top level characterisation plan for EV12DS130 - 1/2

DC CHARACTERISATION MEASUREMENTS
DC PERFORMANCE
Gain DC Performance in nominal conditions
DC Gain distribution
DC Gain versus power supplies
DC Gain versus temperature
DIGITAL FUNCTIONS
VIL and VIH in typical conditions
VIL and VIH versus power supplies
VIL and VIH versus temperature
AC PERFORMANCES
OUTPUT POWER VERSUS OUTPUT FREQUENCY

45 different measurement items under different
combinations of operating conditions.

TYPICAL SPECTRUMS
Multiple modes in multiple Nyquist zones

HIGH SPUR LEVEL, SFDR, FC/2 AND FC/4 FOR DIFFERENT
MODE AND OUTPUT DATA

Fc: 3GHz versus mode at different Fout

High Spur level, SFDR versus mode at different Fout
<MUX 4:1 and 2:1>

SFDR VERSUS POWER SUPPLIES

Fc: 3GHz versus mode at different Fout

SFDR versus mode at different Fout <MUX 4:1 and 2:1>
SFDR VERSUS TEMPERATURE

Fc: 3GHz versus mode at different Fout

SFDR versus mode at different Fout <MUX 4:1 and 2:1>

SFDR VERSUS DATA INPUT LEVEL

Fc: 3GHz_Fout:1.6GHz0dBFS for min; typ and max
power supplies

Fc: 3GHz_Fout:1.6GHz0dBFS for min; typ and max
temperature

IUCM ACTIVATED: SFDR VERSUS POWER SUPPLIES
Fc: 3GHz versus mode at different Fout
IUCM ACTIVATED: SFDR VERSUS TEMPERATURE
Fc: 3GHz versus mode at different Fout
NPR, SNR AND ENOB

NPR, SNR and ENOB versus mulitple combionations of
operating conditions

OUTPUT BANDWIDTH
Output Bandwidth versus power supplies
Output Bandwidth versus temperature
CLOCK INPUT
Clock input power
Common mode
Differential input resistor
ANALOG OUTPUT LEVEL
Analog output level in typical conditions
Analog output level versus power supplies
Analog output level versus temperature
VSWR

© e2v



Characterisation

Top level characterisation plan for EV12DS130 - 2/2

SWITCHING PERFORMANCE
CLOCK INPUT
Fc min and max in typical conditions
Fc min and max versus power supplies and temperature
MINIMUM ANALOG INPUT FREQUENCY IN TYPICAL CONDITIONS
RISE TIME FALL TIME DATA OUTPUT
TR & TF in typical conditions
TR & TF versus power supplies
TR & TF versus temperature
PSS (PHASE SHIFT SELECT FUNCTION)
PSS in typical conditions
PSS versus power supplies
PSS versus temperature
OCDS (OUTPUT CLOCK DIVISION SELECT FUNCTION)
OCDS versus power supplies
OCDS versus temperature
TDSP, PIPELINE DELAY AND SYNC TO DSP
MUX4:1
MUX2:1
TOD IN TYPICAL CONDITIONS
SYNC TO DSP
MAX RATINGS
POWER SUPPLY: VCCAS5
POWER SUPPLY: VCCA3
POWER SUPPLY: VCCD
INPUT CLOCK: CLK
DIGITAL CONTROL: OCDS MODE
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Characterisation.

Multi-dimensional measurements data sets
Example of EV10AS180 ADC dynamic performance.

Conditions:

Nominal Power supplies

Typical Temperature

FClock = 1.5GSps - PClock=10dBm
Functionalities = nominal setting
DMUX Ratio = 1:4

Combining different sets of
conditions with all possible sets of
variables leads to large amounts of
measurements.

This is sometimes best performed on
ATE test machines in a way that is
representative of production test.

Variable:

Part = on soldered evaluation board

Fin = 10MHz, 100MHz, 500MHz, 750MHz, 1000MHz, 1500MHz &1800MHz
Ain = -1, -3, -8, -12dBFs

Fin Ain THD SINAD SFDR SNR ENOB SFSR

(MHz) (dBFs) (dBFs) (dBFs) (dBFs) (dBFs) Bit_Fs dBFs
I SR N 5412 | __ 5134 _|__ 56,14 _ |__ 5459 _ _|___ 824 _ | __097 _
10 - R E 58,30 [ __ 5310 _|__ 6562 _ |__ 5466 _ | __ 853 _ _| __29 __
U - H 5937 _ | __ 5352 | __6588 _ [__5483 _ | __ 8,60 _ _| __ 799 __

-12 59,90 53,80 -63,13 55,03 8,64 11,98
I SR N 5495 | __ 5169 _ | __5706 _ [__5447 __|___ 829 _ _| __ 098 __
100 IR B 5898 [ __ 5328 | __ 66,02 _ [__ 5465 _ | __ 856__ _| __297 __
- I 58,77 | __ 5327 | __ 6584 _ [__5471 _ _|___ 856__ _[ __801 _

12 -59,63 53,65 62,37 54,92 8,62 12,03
U SR N 5447 | __ 51,19 _ | __ 56,63 _ [__5394 __|___ 821 _ _| __4101__
500 IR R EU 58,27 | __ 52,78 | __ 6471 _[__5422 | __ 848 _ _| __-300__
- R B 58,89 | __ 5330 _ | __-6608 _|__5470 _ |__._ 856__ | __793__

-12 59,43 53,62 -62,02 54,94 8,61 11,91
IR SR NN 5522 | __ 5126 | 5794 _|__5349 _ |__._ 822 | __ 098 __
750 IR I B 58,76 _ _| __ 52,67 _ | __-6533 _|__539 _ |___ 846 _ _| __ 295 __
.8 _|L_=- 58,78 | __ 5322 | __ 6501 _ [ __ 5464 _ | __ 855 _ | __ 793 __

-12 -59,77 53,70 -62,97 54,93 8,63 -12,57
I SR N 56,91 _ | __ 5134 | __ 6197 _|__5275 _ |__._ 824 _ | __-100 __
1000  —--3 |- 5834 | __ 5219 | __ 6568 _ |__5340 _ |___ 838 _ _| __-291 __
.8 L.z 5831 | __ 5289 | __ 6409 _ |__5436 _ |___ 849 _ _| __7.96 __

-12 -59,34 53,43 -62,13 54,71 8,58 11,97
I SRR Y 41T AR I 5039 | __-6208 _|__5129 | _._ 808 _ | __-1.01 __
1500 - --3___|_: 5788 | __ 5120 | __-6504 _|__5225 | _._ 821 | __-292 _
o8 L9915 | 5273 _ | __ 66,19 _ |__5386 _ |___ 847 _ _| __7.93 __

12 59,69 53,39 -62,55 54,55 8,58 11,92

-1 52,44 48,22 -54,90 50,29 7,72 -1,04
1800 ---3__ | _-5479 | __4975_ _| B89 | _5138 | 797 | _-297 _

-8 -58,37 52,25 -64,50 53,46 8,39 -7,93
TTTa2 T[T 930 [T 5308 | 6215 | " sa2e |~ 852 [~ 11,91
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From characterisation lab to the test floor...
Checking consistency of measurements.

Characterisation and test of Microwave MS ICs requires are demanding for equipment and methodology.

Production testing of pyW MS ICs often require customised ATE Test tooling and test setups.
It is highly recommended to ensure consistency of measurements between lab characterisation and ATE test datasets.
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Conclusion ezv

Team interaction is fundamental to
success at Microwave frequencies.

To achieve breakthrough
Innovation in W domain,

Experience shows that

Package
thorough understanding Design
of W phenomenon Project
greatly benefits from Manager
combined views of
the different teams.

ATE Test

development
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Conclusion ezv

Investing in package development and characterisation was necessary to achieve
performance breakthroughs, and to have better control of project schedule and costs.

Future research areas include - but are not limited to — space grade flip-chip assembly
technology.

From a performance point of view,

The goal is to expand leadership in data converter speed, microwave bandwidths and
dynamic range to enable the deployment of Software Defined Microwave applications
and to enable further innovation in the following applications areas:

- MPA digital feedback loops.

- Telecommunication payload’s transceivers.
- Spaceborne SAR payloads.

- Spaceborne LIDARS.

- Satellite Navigation Signal Control loops.

- Encrypted downlink modems (>20Gbps) for earth observation spacecrafts.
© e2v
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