Presented at the IEEE Nuclear Science Symposium, San Francisco, CA, November 2-6, 1993

SCIPP 93/02November 1993Testing the Yield of an Amplifier-DiscriminatorChip Fabricated in Tektronix SHPi*J. Rahn, D. Geller, D. Golden, A. Grillo, and H. F.-W. SadrozinskiSanta Cruz Institute for Particle PhysicsUniversity of California, Santa Cruz, CA 95064AbstractIn Fall, 1992, over 600 TEK-Z amplifier/comparator chipswere received from Tektronix for use in the ZEUS LPSsystem [1,2]. The yield was tested by looking for differentfailure modes, including excessive current draw, dead channels,and poor gain. A probe card connected 32 of the 64 outputs,plus power supplies and four calibration inputs. 484 chipshad no flaws, while 184 were found to have at least one deadchannel, short circuited power supplies, or low gain (72%yield). Average gain among functional chips was 167 – 7mV/fC, and average noise was 660 – 80 electrons. This notediscusses the test method, failure modes encountered, andoverall yield.I. TEST SETUPFigure 1 shows the test electronics. The primary test forthe TEK-Z chip was made using the 4 built-in calibrationlines, each of which is attached to the input line of 16amplifiers through a capacitor of approximately 14 fF. Thecalibration pulses are generated by a custom pulseshaper/multiplexer unit which can select any one of the fourcalibration lines and select between a 70 mV and 140 mV testsignal. A CAMAC output register allowed the Macintoshsoftware to select calibration line and signal size.A start command to the gate generator produces thecalibration signal. This signal is shaped into a 70 or 140 mVhigh, 2 ns rise step function, and sent to one of the four TEK-Z calibration lines.The digital TEK-Z outputs are designed to drive a high-impedance CMOS chip using short bond wires. We did nothave space on the probe card for amplifiers, so we simplyplaced series resistors on the outputs (120 ohms) andcapacitively coupled into a 50-ohm ADC input. A Transiacmultimeter module ("SAM") was used to measure the DCoffset of each channel (before the capacitor). With the 120ohm resistors, the signal at the ADC was typically 50 mVhigh and 40 ns wide, and the output impedance seen by theTEK-Z was large enough to prevent damage.An HP 6624A power supply was used to provide threevoltage supplies (5, 3.2, and 2.2 volts) and the thresholdvoltage, with a resolution of about 6 mV.The standard test procedure was as follows. We select 25chips from one wafer and place them on a aluminum waffle,which has 25 indentations milled in its surface for the dice andvacuum to hold the chips in place. The waffle is placed on thechuck of an automatic probe station, which is connected viaGPIB to the Macintosh. The software on the Mac controlledautomatic probe station movement, providing a more efficientmethod of placing the probe card on the chip.Aligning the probe on the pads is a demanding task sincethere are four degrees of freedom: two horizontal translations,the angle between probe card and chip, and the vertical distancebetween probe card and the chip. The waffle was used becausethe chips had been diced by the manufacturer. Once diced, thechips are considerably more difficult to probe using automaticmethods. Die placement cannot be ensured to better than 100mm even when carefully placed in the waffle, so final probealignment must be done manually using the microscope foreach die. The advantage of the automatic probe station,therefore, was to simplify bookkeeping, and to reduce the timerequired to manually align the probe on the die.

ChipTEKZ

Probe Card

PulseShaper/Multiplexer

Cal 0-3

Macintosh IIci CPUMicron Interface Card

GPIB Interface

Camac Crate

MacCC CAMAC Crate Interface

Lecroy 2323 Gate

Jorway Model 41 Output Register3 x Lecroy 2249W 12-Chan ADC

323DelayOut

LRS 128Linear Fan-Out

Transiac 2032 Scanning DVM

3HP 6624A Power Supply4Alessi ECS-02AutomaticProbe StationVTV3.2V2.2V5

Fig. 1. Electronics for collecting data on TEK-Z chips.Once the probe card is lowered onto the chip, a Macintoshprogram¥checks and records current and voltage for all supplies¥checks and records offset voltages for all output channels¥measures occupancy for each channel using 70 mV inputpulse (i.e., about 1 fC), as a function of thresholdvoltage. Occupancy is the number of positive responses

- 2 -divided by the number of gates, where a gate is sensitiveto at most one response. Gates are 300 ns wide and eachcorresponds to one calibration signal. Typically 200calibration signals are used to determine one value ofoccupancy.¥repeats the occupancy measurement for each channel using140 mV input pulse (i.e., about 2 fC), as a function ofthreshold voltage.Time required to test one chip was typically 1 minute toload and unload the die from the waffle pack, 1 minute to alignthe pads to the probe card, and 2 minutes for the test programto run.In general, a plot of occupancy vs. threshold voltageclosely approximates an error function, as shown in figure 2.Each set of these data was fit using a least-squares algorithmto an error function, defined by

12erfc(vt − voff2σ ) = 1π e− t2 dt

vt − voff2σ ∞∫

(1)where s is a measure of the noise and

voff

is the comparatoroffset plus the charge injected. s can also be approximated bysubtracting the 88% occupancy point from the 12% occupancypoint (to obtain the FWHM for the corresponding gaussian)and dividing by 2.1. The formula for the gain is

gain = ΔV50% ΔVcal × Ci

(2)where

ΔV50%

is the difference between the two 50%occupancy thresholds of the chip,

ΔVcal

is the differencebetween the pulse heights of the two calibration signals (70mV in this case), and

Ci

is the calibration capacitance for thischannel. Gain is expressed in mV/fC. Noise is determined bydividing s from the 2 fC occupancy curve by the gain, and istypically expressed in electrons.

020406080100200

Occupancy (%)250300350400450500550600Threshold Voltage (mV)Fig. 2. Occupancy plot as a function of thresholdvoltage for input charges of 1 and 2 fC. The curvefits are error functions.For example, figure 2 shows a typical TEK-Z response, inthis case for the chip from wafer 13, row 6, column 10. Inthis diagram, the occupancy for channel 24 is plotted for twodifferent calibration pulses, one at 70 mV and one at 140 mV.The curve fit is an error function. For this particular channel,the curve fits determined the 50% points to be at 316.6 and484.1. The sigma values for the error function were 17.9 mVand 16.5 mV, indicating that the gain is 167.5 and the noise is616 e-. This analysis was repeated for each of the (~10 5 )channels tested. Differences due to binomial statistics on theoccupancy can be seen; this is the primary limitation on theprecision with which noise can be measured.II. CALIBRATION CAPACITORSThe calibration capacitors for the TEK-Z varied by about20%. Fortunately, these variations are caused by the mask ofthe chip, and thus seem to remain constant between differentchips. Calibration capacitor values were measured for onechip, as shown in table I, using an HP 4284A Precision LCRmeter.Table I: Calibration CapacitancesMeasured calibration capacitor values for 64 channels of theTEK-Z chip, in femtoFarad014.71613.03212.64812.5

114.51715.23313.34913.2

214.91815.23412.95012.8

317.11917.13512.25113.2

414.82013.03612.55212.5

514.82115.13713.05313.1

613.12213.43812.85412.8

717.22312.73913.75515.1

814.82414.74012.55612.5

913.32515.34113.25713.2

1013.32615.24212.75813.0

1117.42713.24313.15915.0

1214.92814.64412.76012.3

1315.12915.14513.16113.2

1415.23013.04612.96213.1

1517.23112.84713.36312.5

The uncorrected gain, averaged over all of the chips tested,is compared to the measured calibration capacitances in fig. 3.The correlation is quite good, indicating that the calibrationcapacitance measurements shown above can be trusted to aboutthe 3% level.

140150160170180190200

Uncorrected gain (mV/fC)12131415161718Measured Calibration Capacitance (fF)Fig. 3. Calibration capacitors.

- 3 -72.3%8.5%2.4%1.9%2.8%0.6%11.4%(484) Good(57) 1 Dead(16) 2 Dead(13) 3-5 Dead(19) 6+ Dead(4) Other(76) Power Supply FailureFig. 4. Failure modes encountered. Most of the powersupply failures occurred on wafers 9 and 10.Wafer 9Wafer 10Wafer 11

55.6%6.0%1.7%1.7%35%61.3%5.7%2.4%5.7%1.6%23.4%

86.4%7.27%2.7%0.9%2.7%Wafer 12Wafer 13Wafer 14

86.5%6.76%2.7%1.4%66.9%14.4%5.1%4.3%5.1%0.8%3.4%

83.3%10.3%2.4%0.8%2.4%0.8%Fig. 5. The yield varied considerably between different wafers. See fig. 4 for a description of the failure modes.III. YIELDOne run produced 6 wafers of chips which were tested asdescribed above. We were pleased to find that more than 70%tested without problems. The pie chart shown in figure 4shows frequency of various problems. Performance varied bywafer as well, as shown in figures 5 and 6. The worst twowafers, 9 and 10, had many chips with power supply failuresnear the edges.We predict that another ~8% of the chips which arepresently listed as "perfect" would be found to have anadditional channel dead if the other channels on these chipswere tested, and perhaps 10 chips would have 2 dead channels.This assumes that the failure rate of .65%/channel holds forthe other 32 channels.

- 4 -Fig. 6. These maps of TEK-Z wafers show the locations where failures were discovered. Notice that failures in wafers 9 and10 were clustered near the edges. Locations which are blank indicate chips were not tested. The key is shown below:

Perfect1 Dead2 Dead3-5 Dead6+ DeadOtherShortsWafer 9

048121620241614121086420Wafer 11

048121620241614121086420Wafer 12

048121620241715131197531Wafer 13

048121620241614121086420Wafer 14

048121620241614121086420

- 5 -IV. DATAFigures 7 and 8 show the distributions of measured gainand noise for TEK-Z chips. These distributions indicate that atypical TEK-Z channel will have a gain of 167 – 7 mV/fC anda typical noise of 656 – 77 electrons. The variation in gain ismostly due to differences in TEK-Z gain and calibrationcapacitors, while the variation in noise is due to the testingmethod which has low precision for determining noise.The noise measurement agrees remarkably well with theSPICE simulation run for the TEK-Z chip, which predicted630 electrons of noise.Power consumption of the chips is shown in table II, andtheir distribution in fig. 9. Power consumption was typically121.5 mW and never exceeded 130 mW for the chip. Wehoped that power consumption could be used to indicate thewhether all channels were working on a chip, butunfortunately we did not observe a correlation between powerconsumption and number of working channels.

0500100015002000250030003500

Number of Channels020406080100120140160180Gain (mV/fC)200Fig. 7. Histogram of gains measured for TEK-Zchips.

0100200300400500

Number of Channels6007008000200400600800Noise Measured (ENC)1000Fig. 8. Distribution of measured noise values.

050100150200

Number of Chips2509095100105110115120125mW of Power130135140Fig. 9. This diagram shows the distribution of powerconsumed by the TEK-Z.Table IIPower consumption by supply for TEK-Z chipPowerSupplyVoltageMedianCurrentMaximumObservedCurrent

VT-2.0 mA-3 mA

V2.28.7 mA10 mA

V3.222.0 mA24.0 mA

V56.4 mA7 mA

V. FURTHER T E S T S A probe card for testing the other 32 channels is available,but it is unlikely that all chips will be tested with it. Instead,about 50 will have been tested, and no unexpected results werefound. Two additional wafers of TEK-Z have arrived, with sixmore to arrive shortly; these will be tested in the near future.VI. REFERENCES* Research Supported by Texas National Research LaboratoryCommission.[1]E. Barberis, et al. "A Fast Shaping Amplifier-Comparater Integrated Circuit for Silicon StripDetectors." IEEE Nucl. Sci. Symp., Orlando, FL Oct.27-31 1992.[2]E. Barberis, et al. "A Low Power bipolar AmplifierIntegrated Circuit for the ZEUS Silicon Strip System."3rd Int. Conf. on Adv. Tech. and Part. Phys., Como,Italy, June 22-26 1992.