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Forewarned is FouArmed:
Classic AnalogMisteakesto Avoid

Welcometo the AnalogMisteakesti 2 ! $2AR t I 38 14 GKA& &
Francisco, there will be a special evening session titled Forewarned i\ffoed: Classic
AnalogMisteakesto Avoid. It is a rare occasion for people to talk about the things that g
wrong within analog chip design at a conference and we hope it will be a memorable
evening. To help it we have created this webpage with the aim of gathering statistics and
stories of classic mistakes made by the greater analog design community.

Submit Story

Do you have a great story on how things went wrong for you or maybe a friend of yours
when working on a chip? Maybe a simple analog mistake, tool problems, misunderstan
between designers or interface errors. We would love to hear the story. Please use the|fc
below to submit a story with some statistics

o

page of ISCAS =

Unfortunately the mistakes were never published
and are lost except in memories of attendees

We collected 26 confessions.
(All were from our friends in the Sensory Systems and Neural Sys
and Applications TCs)

A 3 mistakes in planning

A 6 parasitics not considered or improperly
modeled

A 2 process design errors

A 3 (not) looking at the bigger picture
A 2 strategic errors

A 4 logic goofs

A 3 LVS confessions

A 3 analog goofs

Timir Datta, Marc Dandin and PamelaAbshirg University of Maryland,
College Park,

1. TINYDIES ARE HARD TO HANDLE!
(POSTCMOS PROCESSING FOR MEME
INTEGRATION)



Tiny dies are hard to handle!
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Edge bead becomes a significant problem with tiny dies
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Marc Dandinand Pamelabshire University of Maryland, College Park

2. COORDINATIN®BFFERENT
INSTRUMENTS CAN BE NASBDRK

YimingZhaiand PamelaAbshire University of Maryland, College Park

3. DIPACPACKAGES ARE GOOD
THERMAL MASSES

PARASITICROTCONSIDEREDR
IMPROPERLMODELED



TimothyConstandinoulmperial Collegéondon

4. BUSCAPACITANCE PARASITICS

INCORRECTLY CALCULATED FOR PRE
CHARGED OUTPUT

o™ The Original Testbench
(Aparasiticsc
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Piotr Dudek The University of Manchester

5. FLOATINBIN IMPROVES
PERFORMANCE

The Design (4096 element address bus output)

bus lines

Lateral capacitance can be significant, especially in deep
submicron processes. The hand-calculated estimated
values were only 1/3 of the actual values.

Data Bus Lines - Top Layer Metal (Precharged and
sampled, not constantly asserted)
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Vertical (plate)
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Piotr Dudek The University of Manchester

6. LAYOUEXTRACTION TOOL DOES
NOT UNDERSTAND MAXWELL'S
EQUATIONS

3Dstructure of the poly to metal2 capacitor.
Thereis no metal 1 directly in the designed capacitor
area, but it is all around, and it makes all the difference

¢ metal2
(ec)

AN metal-1
(gnd)

<4— poly
(gate ofMmen)

wtracted — 0.723fFMm2-PoLY area, peri)

ctual = 0.035fF (Maxwell, 3D)



8/15/2011

My first VLSI chip design was a and r i i as part of taking Carver Mead':
VLSI and neural systems course at Caltech in 1989. Inspired by Hopfield and Tank's analog neural m
an optimization network for analetp-digital conversion, | decided to give it a try and implement this net
model in silicon. Having learned about the problems of mismatchtwittsconductancebased circuits
from the labs, | further decided to do the whole thing with switched capacitors, and figured out an
architecture and clocking scheme to get rid of capacitance mismatch altogether. Tobi Delbruck, my T,
thought | was nuts, but was supportive and encouraging neverthelessMatematicasymbolic
calculations and the Analog transistevel simulations proved that | was right: the circuit converged to
arbitrary precision limited only by the number of binary stages, and by switch injection noise. Not det:
by any potential source of imprecision, | further implemented one of the fancy schemes of switch injec
noise cancellation that | found in the literature. With some polygon "pushing"” effort | was able to cram
entire circuit of a 16it DAC and ADC onto a single Tiny (really tiny!) chip in 3um 2P2M CMOS techno
The layout looked beautiful, certainly when staring at Welcompscreen after a 4our shift on the
Chipmunks! When the chip came back from MOSIS after summer, | was elated to give it the carefully
designed test sequence to measure its performance. My enthusiasm was contained by the three effe
GertCauwenberghsUniversity of California San Diego bits of INL and DNL observed on the oscilloscope. Even though the switch injection cancellation circt
worked as advertised, the mismatch was severe because of one critical oversight: the capacitors were

7 . O N H) F T H E M O ST CO M P L EX 3 :Itoaargzgl(oalj umsogﬁlzl(:J;ng,Allns?Ie%gzé Eﬁé I:ea::jhlj.ology and find _out what it |sut)e:|r|‘:g ;/ou. No dewrc:eAli s\l_lcor
B IT DAC AN D ADCS EVE R R EAL I Z[ Smuabt(;:ar;:w elegantly modeled iMathematicaand Analog, is far away from the electrons and holes in tr

Afterthought: The circuit may work a lot better in Silicon-Sapphire! If anyone is interested in giving it ¢
try, contact me and you're in for another great experience.
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9. BEWARDF PARASITIC
PHOTODIODES IN CMOS IMAGE
SENSORESIGN
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Becausehe transistors were not shielded from
light, their parasitic photodiodes reduced
performance of the FPN correction mechanism.
Solution:
Cover transistors with metal
to block |Igh? from paltaSItlc Tobi Delbruck, University of Zurich and ETH Zurich
I source / drain photodiodes.
N ,‘.leets need additional lateral 10. ABIPOLAR IMAGER WITH ONE
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Tobi Delbruck, University of Zurich and ETH Zurich

11. METAIDENSITY RULES ARE

THERE FOR A REASON

LOOKINGAT THEBIGGERPICTURE

Marc Dandinand PamelaAbshire University of Maryland, College Park

13. OPTICAORDER SORTING

FILTERS MATTER!

8/15/2011

Our Foveonimager:

9 Mpixel pulsed bipolar array.

3um pixels in 0.25um technolos
Closeup of pixel layout
BCE R We only have thin M1 wire

Result:CMP polishes array to a different height
than rest of wafer and many wires have opens!

Jennifer Blain Christen, Arizona State University

12. IWAS A PID CONTROLLER

Monochromator System

Light Incident on the DUT
Monochromatic signal of wavelength |

But harmonics are present:
1/2,114,11 8, etcé

Solution

Place long-pass filter with
cut-on wavelength greater
than | /2 between 2, and 4.

Such afilter is called an
order sorting filter.

Example:
. o Forl = 1000 m
1i - White Light 112,114, etc.., would be present
12i Device Under Test (DUT) Order sorting filter: 535 nm cut-on



JonTapson Department of Electrical Engineering, University of Cape
Town

14. PAYATTENTION TO THE
STATISTICS OF EXTREME EVENTS

Asa grad student or lab researcher, we tend to work with
small numbers of components, and so we seldom see th:
full range of weirdness which can be exhibited by otherw
sensible designs, when the extremes of the range of
component parameters is explored. One gets in the habi
NBIFIRAY3 2yfe GKS ac¢eLlpe O
O2Y&ARSNAY3 G(GKS daiyodé |y
O2yasSljdSydSa 2F 3ISGday3a
On the other hand, when you produce a system for indus
use and it gets deployed in large numbers, yolisee every
possible value in the entire parameter space, as well as ¢
values which are well outside the stated limits. You had
better be prepared for the consequences of industsehle
malfunction

Well, if you put enough devices on enough machines, yoi
find that some of them do indeed vibrate at exactly the
wrong frequency around 40kHz, and if the resonance Q i
really high, atwepole lowsLJ- & FAE GSNI F
much at all. | had had a big argument with a colleague a
whether we should go for a higher order enff filter, and
every time a report came in from the field of another rogu
I OOSt SN2YSGSNE KS g2dzA R &l
R2y Qi #ifkBR ®A2f § SNHE 28 532
replace a great many of the units. It would be nice to say
that since then | have never again been caught by this kil
of mistake, but it would be a lie...
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In his books'he Black SwaandFooled By
RandomnesaNassimNicholasTalebhas
highlighted that people are bad at making
common sense judgments about extremely
unlikely events, and particularly bad at allow
for the consequences of these events; we
always underestimate both the likelihood ant
the consequences.

Thishappened to me in 1999 when | was using the first
generation of MEMS accelerometers to measure vibration ol
factory machinery. We built thousands of MEMS devices int
robust little packages and stuck them on machinery from Se
to Sydney. One of the issues we had to contend with, was tl
these MEMS devices had an undesirable mechanical resoni
frequency at about 10x the measurement bandwidth
(resonating at about 40kHz with a measurement bandwidth
nilToo 28 FAIANBR 6S RARYC
the first place, we had a lowass antialiasing filter which cut
off more than a decade lower than the resonance, and seco
the Q of the resonance was so high it was unlikely there wot
be an vibration source at exactly the right frequency, and thii
0A3 AYRdAAGNRLIE YIOKAySa R2y
kHz, do they?

STRATEGIERRORS



Tobi DelbruckUniversity of Zurich and ETH Zurich

Mp® 5hbQ¢ / h! DI
TECHNOLOGY

LOGICGOOFS

What went wrong in in this
asynchronous logic

1. Buffer signals locally
2. Name pins with proper

o N
7] 777 Gt
» b
J A
sign, e.g. nReset
3. Check sign consistency
in connecting cells
Transparent if driven with 4. Include added

active high inputs Doesn't protect parasitics in simulations
against metastability
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Giacomolndiveri, University of Zurich and ETH Zurich

16. YOWBHOULD START WITH THE
BIGPICTURE

RaphaeBerner University of Zurich and ETH Zurich

17. CONFUSIN&CTIVE HIGH AND
ACTIVE LOW SIGNALS

T. SerraneGotarredonaand B. LinareBBarrancq Sevilla
Microelectronics Institute

18. DON'TJUST IMPROVE
ASYNCHRONOUS CIRCUITS BY
ELECTRICAL SIMULATION
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Boahen's Row—Parallel Event Read—out
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Incorrectly sizing the FETs and using pass gates in th
left SRAM cell led to a huge static power consumption
at the system level. A better way is shown on the right.

Bad! (at system level) Better (at system level)
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19. A7 AMP SRAM MEMORY
SMALLER IS NOT ALWAYS BETTEF T

—

Glitching from decoder logic ruined this design
for a motion detection image sensor

20. ADDRESZECODING GLITCHES
RESEPIXEL

10



LAYOUTVS SCHEMATIELVS)
GONFESSIONS

DEADLINE THE DIGITAL INPU |
BONDPADE 9 w9 a! 59

XOKALI 62N)] SR 2dzad O2d

I i
LessonPlan, plan, plan! When you have severabple helping out

The core reset was never tied to a pad because
Al gl ayQd Lidzi Ay GKS
clearly on the layout

AW

LessonsPut your 10 in top level schematic early.
Label your ports clearly and bring them to periphefycells.

Amir Eftekhar Imperial College London

21. WRON®ADS USED ON THE
PADRING

Tobi Delbruck, University of Zurich and ETH Zurich

22. CHIRRACKS A GLOBRESET

Rafael SerrandéGotarredona T. SerraneGotarredonaand B. Linares
Barrancq SevillaMicroelectronics Institute

23. PUHUPTRANSISTORS ARE
MISSING

8/15/2011
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Beahern’s Row—Parallel Event Read—oiit
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ANALOGGOOFS

Subtractionbased levektrossing sampling requires
fast reset. Because the main-@mp is slow, the
original circuit suffers from distortion during
resetting. A buffer fixes the problem.

Original circuit (bad!) New circuit (better)
eset

signaiins outn signalins | [ 1 —
reset . ~ !
reflevel - oTA >~ |
A signalin-, | H Buffer >
P utp 1+ ' T
signalin: reflevel e :reﬂeveu/ |

Comparators PR

=T Switches closed - signal lost. B
Switches opened - charge injected - & | Fast buffer added !

L reflevel [ reflevel
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A Behavioral description of Analog Blocks (AHDL
A Digital blocks described witerilog(VHDL)

A Pulkups were not included in Schematics, but
behavioral simulations worked fine

A Pulkups forgotten in layout

ALVS checked fine

A Chip did NOT produce outputs

A Fortunately, there were 2 spare padsFIB

Wei Tang and EugeniBulurciellg Yale University

24. PROBLEM3F ASYNCHRONOUS
DELTA MODULATOR USED IN BIO
POTENTIAL SIGNAL RECORDING

RaphaeBernerand Tobi Delbruck, University of Zurich and ETH Zurich

Hp ® 5CGHVEQR YOUR
FREEDOMS BEFORE YOU KNOW
hi 5hbQ¢ b995 ¢I

5
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We were building a pixel with atage
switchedcap amplifier.

Tobi Delbruck, University of Zurich and ETH Zurich

26. BLINDEBY THEORY TO REALIT
FOR 9 LON®BEARS

Reality: Theshape of thed | y6 (dAY L) chim@gést
dramatically with common mode DC level
CauseShort and narrow channel effects.

Solution:Use unit transistors with local bulk voltage

8/15/2011

. S0l dzaS 27F 2dzNJ Tl yOp
T N2 Yo is still changing when,as leaving
reset, causing a huge offset ip.o

The antibump circuit generates a nicefy K I LISR & & lj dzt N
LRSIFfte GKAA aKIFLS R28ayQi F

Discussion and conclusions

A Every confession comes just from members of
the Sensory Systems Technical Committee.
Other TCsnust have their own confessions.

A Maybe this session can be a rotating session
between active TCs?
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