FE-D Digital Readout Testing

Describe some comparisons between simulations and
measurements for several FE-D problems:

eCompare internal XCK in the lab and in simulation.

eCompare internal CLK1/CLK2 in the lab and in simulation.

eCompare internal SDO in the lab and in simulation.

In all cases, the agreement between the simulation and the
measurement is fair, but not perfect. It is probably at about
the level one would expect for these relatively crude
simulations.
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Tek 1.00GS/s

Measurements and Simulations of XCK

eRealized that there is a serious problem with XCK distribution inside FE-D, with
relatively small transistors in LVDS receiver driving a fanout to 72 FF over a

large, minimum width, set of busses. Total C is about 4pF.
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*Observe very poor
risetime on
internal XCK of
about 5ns (10-
90%). Duty cycle
at VDD/2 is still
50%.

eFor reference,
TSCO is also
shown. It has a
risetime of about
1ns, as expected
for the combined
Picoprobe and
scope bandwidth
(500 MHz).
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«Simple R and C model of internal XCK distribution (values extracted by Mario):

c=1,209p ¢=655,2f C—Values: from parasitic extraction
R=42,57 R=34,05 R—Values: by hand, including the wires until
Serializer | Gray_Gen end of block (maybe important for
Y vV long blocks, e.g. serializer, gray_gen);
T T errors are +/— 50% due to design rules
—¢=72,35f
R=2,15
c=225,7f c=304,7f c=305,7f c=200,3f c=83,33f c=156,5f
R=15,82 R=9,44 R=47,61 R=25,3 R=9,14 R=16,62
A A : A Trigger A A A A A
Reset_Gen | J:,AA, ' J:, Selftrigger =\ J:, Manoger =\ j:, DO_MUX =\ j:, HIT_MUX L j:, PHI_GEN
I " I hn hn L hn L{H
—— c=362,5f — c=122,1f
< R=6,3"1 © R=10,32

XCK PROBE
PAD PAD

e This model was included onto the top two sheets of the FE-D schematic, and a
new ELDO netlist was extracted (thanks to Gerrit).

eSimulations were done, at both 3.5V and 4.8V VDD supply voltages.

e An additional simulation was done with an externally injected “perfect” XCK on
the probe pad, for comparison with external XCK injection measurements. Recall
that in the lab, a modest improvement in required VDD was observed with an
externally injected clock, but the required VDD was still much larger than 3.0V.
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eResults for XCK simulation at 3.5V:

14-Dec-1999 File : topl60rc35.cou

22:22:09  ELDO v4.7 1.1 (production) : * # FILE NAME: /HOME/VDD/DI e The risetime from 10-
T1.g5 7V (RO BV RCKR) 90% is about 6-7ns, in fair
agreement with lab
measurements.

eHere also, the duty cycle
looks close to 50%, so
after the first inverter in a
given block, the XCK
should look fine.
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e The waveform looks
essentially the same at all
nodes.

eThe Serializer and MUX
nodes are particularly far
apart. This suggests that
the internal R’s are not
very important, and the
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, distribution could be
**************** approximated well by just
using a total value of C.
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eResults for XCK simulation at 4.8V

* # FILE NAME: /HOME/VDD/DI
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eResults at the higher

supply voltage are almost

identical.
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eResults for simulation at 3.5V with externally injected XCK:

15 Pess 1099 File : topleOrepadicon .« s pme e smowmwooor 1 NE INtErNAl waveform is
v o V(XCRN) +V(XCKP) significantly improved
0] S VS D MV S g compared to that of the
.50 - — 4 — — A4 — — - - -4 - — === =+ - .
] | P T S internally generated XCK.
v ven ' | s «There is little difference

ouio

between the waveforms at
different internal nodes,
S even those which are far
apart on the net like the
serializer and the output
MUX.

e This suggests that the XCK
distribution problem does
not explain the major
digital readout problems in
FE-D.

eNevertheless, the buffering
for this distribution should
be increased by at least
five for postrad safety.

'
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Measurements and Simulations of CLK1/CLK2
eMeasure CLK1/CLK2 waveforms on FE-D using Picoprobes:

Tek Run: 1.00G65/s
I
i

Salmple

ME 200mVv

*Observe almost 30ns risetime, but only 20ns “generated” non-overlap time in
clock generator at 3.5V, so would expect that the operation is marginal.

Chi 200mVive T

17:39:352

eObserve about 30ns
risetime.

eGenerated non-
overlap seems to
be about 20ns
(measured from
waveform corners).

e The actual non-
overlap seen inside
of a given shift
register cell will
depend very
sensitively upon the
thresholds for the

two clock phases.
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eMeasure CLK1/CLK2 at 4.8V VDD:
eObserve about

Tek Run: 1.00G5/s  Sample [GK 30ns risetime
I..T ! ]

1A 15hs again.

| @ 82ns «Generated non-
overlap seems to
be about 15ns
(measured from

_ _ _ ; _ _ _ _ . waveform

L corners).

T T T e Actual non-overlap

' SRS Sl ' ' oA may be very small

inside of a shift

register cell.

Chi 200myie ©
200my

17:42:40

*Observe similar risetime, with non-overlap time of only 15ns. In this case, it would
not be surprising if sometimes some register bits did not work, since if the two
clocks overlap, a given register bit becomes “transparent” and is not written.
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e Simulations from Peter for different VDD and a fixed 100pF load:
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eIndicates that the risetime does seem to improve with larger VDD, but only slightly
(it increases from about 15ns to 20ns for 3V to 4V). This may not be inconsistent
with the measurements.
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eSimulations from Peter for different load at a fixed VDD:

Phi1 / Phi2 for 5@pF — 28@pF load at 3V,tt
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eHere, the comparison should be made for something between 150 and 200pF, but
for a larger supply voltage. For VDD=3V, the risetime is in the range of 40-50ns.
This could be closer to 30ns for the larger VDD.

eAlthough the curves are not exactly for the expected conditions in FE-D, the
shape as well as risetime for the 200pF curve, perhaps adjusted slightly for the
higher VDD, seems to be consistent with what is observed.

eEstimate buffers need to be resized by almost a factor ten to work well postrad.
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Measurements and Simulations of SDO:

e This signal is the output from the serializer (unbuffered from a minimum size FF
to the Output MUX. The extracted capacitive load on this node is about 1pF.

e This point can be observed in FE-D on the pad labeled “Direct<3>", which is one
of the MUX inputs. There is clearly a severe problem with buffering on this node.

o After seeing this signal, hypothesized that this node alone could be responsible
for the need to run FE-D at a VDD of 4.8V in order to observe correct output data.

eIn order to study this in more detail, FIB surgery was performed on several die.
The modification consisted of cutting the long SDO trace close to its source, and
creating a small pad for probing with capacitance active probe:
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B ATLAS Pixel Week, Feb 2000 u

e The actual modification was implemented as follows:

Cut M2 trace

| First, cut two holes in passivation. One
| is for the pad to access the M2 trace.
| The second is to cut the M2 trace.

Second, deposit the pad as 2000A of
| W, 10u square (about 15 mins).

Finally, complete the cut of the M2
i trace.

[ FE-D Testing Feb 1 2000 12 of 23
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eMeasurements made on unmodified chip as a function of the sqpply voltage:

Tek SGIH 1.00G5/5 28 Acqs 0
e — ?

: : i : : &: 5-'”5 .
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~M50.0ns Chd F 224mV 16 Dec 1999

200my o
Math 500my 50.018 11:16:17

e These waveforms are at VDD=4.8V. The upper one is SDO, the lower one is the

DO output from the chip. Here, no bits appear to be lost, but the risetime is 17ns
on a 40 Mbit data stream, which is clearly very marginal.
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eMeasurement of waveforms at 4.5V VDD, showing a bit lost:
Tek 1.00G5/5 18 Acqs
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e This indicates the basic failure mode: when there is not enough drive strength in
the FF, it no longer sets a “1”, and the output width is only half the expected one,

which dramatically reduces the pulse amplitude.
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¢As VDD is reduced to 4.3V, the waveform already looks worse:
Tek SR 1.000S/5 8 Acas @
| : | 1Az 133ns =
B i . . . {®@: 235ns
| : : 0 : | ' ' ] 16.91ns
: j j : | : Vo C4 Fall .
| | _J'I,_ : /\/ : 11.12ns
) ' : ﬁh"‘wl '
AETPIS A ot
: : ke
|
Sk
|
|
al
MWMHM%I
e
|
M 50.0ns Cha F EmY 16 Dec 19499
Ch4 200mv 11:33:35
(Math1 | SN0mY R0.0ns st
eNow, all of the “narrow” bits (isolated “1”s) are being lost.
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oAt a lower VDD of 3.7V, things look even worse:

Tek 1.0005/s 4111 ACqs .
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Now, even the strings of “1”s have been broken up into shorter spikes, and most

bits are lost from the output.
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[N ]
3.6 3.7e-6
s

3.6 3.7e-6

e The left simulation is at VDD=4.8V, and C=1pF. The right simulation has C

* # FILE NAME: /HOME/VDD/DI

topl60sdo48x.cou

ELDO v4.7 1.1 (production) :

8-Jan-2000 File :

07:36:51

9
vV (XCK)

* # FILE NAME: /HOME/VL

: topl60sdo.cou
ELDO v4.7_1.1 (production) :

7-Jan-2000 File

06:06:04

output in the netlist, at both VDD=4.8V and 3.5V:

eSimulations were done with a single capacitor to ground placed on the SDO
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3.5V and

* # FILE NAME: /HOME/VDD/DI
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topl60sdo48y.cou

ELDO v4.7 1.1 (production) :

8-Jan-2000 File :
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eFor a C of 1.5pF, it looks as though there will be bits lost at both VDD

VDD=4.8V, depending on the switching point for the Output MUX block:

10-Jan-2000 File

13:52:08

: topl60sdo35y.cou
ELDO v4.7 1.1 (productiomn) :

* # FILE NAME: /HOME/V

eUnfortunately, Global Register was not properly set for these simulations, so the
Output MUX was not passing SDO to the output.




4.8V works and

eFor a C of 1.25pF, there appears to be a point where VDD
VDD=3.5V loses at least some bits:

* # FILE NAME: /HOME/VDD/D:

ELDO v4.7_1.1 (production) :

10-Jan-2000 File : toplé60sdo35z.cou

22:54:23

FILE NAMI]

* #

: topl60sdo48z.cou

ELDO v4.7 1.1 (production) :

10-Jan-2000 File
09:02:22

eFinding this point requires fine-tuning the capacitive load, and the VDD

dependence does not seem to be very large (different from measurements ?)
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Measurement Setup:

ePicoprobe readout and offset adjust, fast AD8009 buffer in 10x mode, then return
to modified support card for CMOS->LVDS conversion and transmission to PCC.
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Probe point as seen through optlcal mlcroscope in lab:

I I..J.—-

e - -"1‘ = e’ e

o
- _,...- _.'!- .-1-.- I-.-l

o Tiny pad just visible in middle of image, next to serializer...
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eResults for serializer output from FIB-modified die:

Tek S00MS/s 44 Acgs | e Top trace is SDO
from new probe

2525 . C

5325 pad, with risetime
of 2-3ns. Risetime
is much improved
with expected load
of about 200fF.

eSecond trace is
amplified version of
SDO (after AD8009
fast buffer).

e Third trace is LVDS
version of DO,
picked off of

ST . - breakout card on

s Soomy oMY 20 )an 2000 cable to PCC.

e This allows us to take the (largely) unloaded SDO directly from the chip, amplify it,
adjust the DC offset, convert it back to LVDS, and transmit it to the PCC (after
adjusting the timing relative to XCKR on the same cable). The resulting serial
stream is correctly interpreted by the PLL, allowing full testing with PixelDAQ.

— —h
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e The result is that the modified chip now operates at VDD=3.0V and sensebias=4,
with the column clock operating at 20MHz. However, already at 2.9V, there starts
to be a loss in digital injection efficiency in some regions of the chip.

oAt 3.0V, digital injection works efficiently down to sensebias=2. Lower senseamp
biasses cause the loss of hits in certain regions of the chip. The chip operates
slightly better with a column clock frequency of 10MHz.

eBasically, this seems to confirm that the digital readout, with the exception of the
SDO buffer problem, will operate properly at VDD=3.0V before irradiation (but it
is quite marginal). However, there is no improvement in the bad pixels, etc., so
these problems are not artifacts of the high VDD required for operation of the
serializer.

«Clearly, a real buffer is needed after the serializer, due to the long trace routing to
the output MUX.

eIn general, we need to go through each of the circuit blocks at the bottom of the
chip, and systematically check that there is appropriate buffering between each
block. As a rule, we should never use the unbuffered outputs of FF outside of
local circuit blocks.

[ | FE-D Testing Feb 1 2000 23 of 23



	Heading1 - FE-D Digital Readout Testing
	Heading1 - Measurements and Simulations of XCK
	Heading1 - Measurements and Simulations of CLK1/CLK2
	Heading1 - Measurements and Simulations of SDO:

