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LOW-COST CONFIGURATION FOR MONITORING AND CONTROLLING 

PARAMETRIC MEASUREMENT UNITS IN 
AUTOMATIC TEST EQUIPMENT 

This invention relates generally to automatic test equipment, and more 

s specifically to the use of programmable digital devices for monitoring and controlling 

parametric measurement units in automatic test equipment. 

Automatic test equipment (also known as a ''tester") is widely used to test 

semiconductor devices, printed circuit boards, and other electronic components and 

assemblies. Many testers, especially those that are used to test semiconductor devices, 

1 o use "pin slice" architecture. Such testers generally include multiple pin slice circuits, 

each associated with a separate pin on a device under test (DUT). Further, each pin slice 

circuit generally includes circuitry for generating and measuring signals at its associated 

pin on the DUT. 

A typical tester may generate and measure signals on hundreds to a few thousand 

15 pins, each pin having its own pin slice circuitry. This means that pin slice circuitry is 

duplicated hundreds or thousands of times in a tester. It is therefore very important for 

testers tO use pin slice circuits that are both area and cost efficient. 

In addition, during a typical test session, it is often necessary to vary one or 

several analog reference voltage levels used in each pin slice circuit. This is especially 

2 o the case when performing parametric tests of a DUT' s drive and receive levels. 
For example, a sequence of reference voltage levels may be generated and 

provided to certain sections of the pin slice circuits. If the steps of generating and 

providing changes in the reference voltage levels require a large amount of time, then the 

time to complete the full test session could become very long, especially if the test 

2 s session calls for the generation of sequences of hundreds of different reference voltage 

levels. It is therefore very important for testers to communicate the desired reference 
voltage level changes and generate new reference voltage levels quickly. 

However, pin slice circuits must also generate and measure signals with a high 

degree of accuracy. This is because any inaccuracy in signal levels generated or 

3 o measured by pin slice circuits will generally affect the accuracy of test results. In 

particular, it is very important for pin slice circuits to generate stable voltage and current 

levels during parametric tests. Further, pin slice circuits must generate and measure 

signals at levels that are compatible with the semiconductor devices being tested. 
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One way of satisfying these competing requirements is to design pin slice Circuits 

using a combination of different component technologies. For example, pin slice circuits 

have been designed using a combination of CMOS and bipolar component technologies. 

Primarily because of the low power requirements of CMOS components, CMOS 

5 has become the technology of choice for many designers of computers a:nd electronic 

devices. Consequently, CMOS components have become wideJy available arid re1ative1y 

inexpensive. Further, because of the desire to make computers and eJectronic.devices 

both faster and smaJler, the dimensions .of CMOS components have decreased 

significantly over the years. Accordingly, portions of pin slice circuits have been .. 

+ o designed using CMOS technology in an effort to make the. circuits lower cost and more · 

compact. 

However, one shortcoming of designing circuits using CMOS technology is that it 

can lead to unstable and unpredictable timing characteristics. For example, timing 

characteristics of identical CMOS circuits have been found to vary from component-to-

:J_ s component. · 

Further, timing characteristics of CMOS components have been found to vary 
with temperature. For example, as frequencies of signaJs processed by CMOS 

co~ponents increase, power requirements of the CMOS components also gen~rally 

increase, thereby causing the components to heat-up. This increase in temperature can 

2 o affect propagation delays through the CMOS components. 

Generally, this shortcoming of CMOS technology does not seriously affect the 

performance of most computers and electronic devices because CMOS circuits in these 

devices are usually synchronized with an internal clock. Such synchronous design, 

techniques are often used to enhance the stability and predictability of electronic circuits. 

25 Although some portions of pin slice circuits can also be synchronized with·a clock 

inside the tester, the timing of other portions of pin slice circuits cannot be similarly 

synchronized. For example, the times at which pin. slice circuits generate and· measure 

signals at pins of a DUT are usually determined by the DUT, not by a clock intemalto 

the tester. 

3 o Accordingly, when CMOS technology is used to implement circuitry for 

generating timing signals in pin slice circuits, compensation techniques must generally be 

used to improve the timing characteristics of the CMOS circuitry. Such compensation 

techniques are described in US Pat. Application No. 08/510,079, assigned to .. 

TERADYNE®, Inc., Boston, Massachusetts, USA. 
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Another reason why CMOS technology is sometimes not used to implement the 

signal generation portions of pin slice circuits is that CMOS circuits generally have low 

drive capabilities. 
For these reasons, bipolar technology is often used for implementing signal 

s generation and measurement portions of pin slice circuits in conventional testers. Timing 

characteristics of circuits made with bipolar technology are generally more stable and 

more predictable than CMOS circuits. Further, bipolar circuits can generally drive and 

measure signals at higher power levels than CMOS circuits . 
. Such a conventional tester 100 is shown in FIG. 1. ·The tester 100 includes a test 

1 o system controller 110, which includes a special purpose computer (not shown); and, a 

memory 124, which stores test results and information needed to control the tester 100 . 

. Both the test system controller 110 and the memory 124 are normally implemented using 

CMOS technology. This is because the test system controller 110 and the memory 124 
are typically synchronized with a test system clock. Further, neither the test system 

15 controller 110 nor the memory 124 is required to drive or receive signals with high power 

levels. 
The tester 100 also includes multiple pin slice circuits 114, which generate and 

measure signals at separate pins of a OUT 112, which might be a discrete semiconductor 

device or one of a plurality of dies on a semiconductor wafer. 

2 o Each pin slice circuit 114 typically has portions that are implemented using either 

CMOS or bipolar technology. For example, the pin slice circuits 114 include timing 

generators 116, which may be implemented using CMOS technology. In this case, the · 

compensation techniques mentioned above are typically used to improve timing 

characteristics of the CMOS circuits. The timing generators 116 produce timing signals 

2 s in response to commands from the test system controller 110 for determining times at 

which driver/receiver channels 118 drive or measure digital signals at pins of the OUT . 
112. 

The driver/receiver channels 118 in the pin slice circuits 114 are typically 

implemented using bipolar technology. This ensures that the driver/receiver channels 118 

3 o have the capability of driving and measuring digital signals at pins of the DUT 112 at the 

proper times. 

Two of the pieces of information that the test system controller 110 uses to 

control the pin slice circuits 114 indicate values of logical high and logical low levels to 

be provided by the driver/receiver channels 118 to the OUT 112; and, values of logical 
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high and logical low levels to be received by the driver/receiver channels .118 from a 

properly functioningDUT I 12 ... 

In particular, the pin slice circuits 114 include reference voltages 122, which are· 

typically implemented using discrete analog circW.try. The reference voltages 122 

. s provide multiple reference voitages to the driver/receiver channels 118. 1-).ccordingly, the 

test system controller 110 J>rovides information to the driver/receiver channels 118 

indicating which reference voltages to use as logical high levels and logical low levels. 

I to 
i 
! 

I ts 

The pin slice circuits 114 also include parametric measurement units (PMU's) 

120, which are typically implemented using bipolar technology and discrete·analog 

circuitry. Whereas the driver/receiver channels 118 generate and measure.digital signals, 

the PMU's 120 produce and measure DC levels .. 

The reference voltages 122 also provide multiple reference voltages to the PMU~s 

120. The test system controller 110 therefore provides information to the PMU's 120 · 

indicating which reference voltages to use when producing and measuring DC levels at · · 

pins of the DUT 112. 
Further, in order to generate stable voltage and current levels during parametric 

tests, the PMU's 120 typically include discrete analog circuitry (not shown) for providing 

feedback control of the voltage and current levels. 
In a typical test configuration, only the driver/receiver channel 118 or the PMU 

20 120 in a pin slice circuit 114 is active at one time~ Accordingly, switches or relays (not 
! 

shown) ate nonnally used to keep the driver/receiver channels 118 and the PMU's 120 .· 

isolated from each other. 
We have recognized that a significant part of the size and cost of a pin slice circuit 

is due to the discrete analog circuitry used in the circuit. Because a tester may include . 

2 s thousands of pin slice circuits, reducing the amount of discrete analog circuitry used 

could substantially affect the size and cost of the tester. 

We have further recognized that another significant part of the size and cost of a 

pin slice circuit is attributable to the size ofIC's used in the circuit. 

It would therefore be desirable to have a tester with reduced size and cost that can 

3 o successfully test electronic devices or assemblies. It would also be desirable to achieve 

reduced size and cost in a tester designed using pin slice architecture. 
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SUMMARY OF THE INVENTION 
With the foregoing background in mind, it is an object of the invention to reduce 

both the size and cost of a tester. 

Another object of the invention is to increase .the amount of pin slice circuitry that 

5 is implemented using low-cost CMOS technology. 

Still another object of the invention is to reduce the size ofIC's used in the pin 

slice circuitry. 

The foregoing and other objects are achieved by providillg a tester with multiple 

pin· slice circuits, each pin slice circuit including circuitry implemented using CMOS 

1 o technology and circuitry implemented using bipolar technology. In a preferred 

embodiment, the CMOS circuitry includes multiple digital sigma delta modulators, each 

digital sigma delta modulator producing a bit stream representative of a sequence of 

analog reference voltage levels; and, the bipolar circuitry includes multiple digital sigma 

delta decoders, each digital sigma delta decoder receiving a bit stream from a respective 

15 digital sigma delta modulator and converting the bit stream into a sequence of analog 

. reference voltage levels. Each sequence of analog reference voltage levels is then 

provided to circuitry such as a driver/receiver channel and/or a parametric measurement 

unit 
According to one feature, the digital sigma delta modulator circuitry includes 

2 o circuitry for combining the multiple bit streams onto a limited number of lines; 
According to another feature of the invention, the digital sigma delta decoder circuitry 

includes circuitry for segregating the multiple bit streams from the limited number of 

lines. 

In another embodiment, a serial bit stream is provided to an integrated circuit 

2 5 chip~ Next, circuitry on the integrated circuit chip is used to segregate the serial bit 

stream into a plurality of segregated bit streams .. The segregated bit streams are then used 

to generate analog reference levels for driver/receiver circuitry in the integrated circuit 

chip. 

According to one feature, the integrated circuit chip is implemented using bipolar 

3 o technology. 

In still another embodiment, a semiconductor wafer is provided with a plurality of 

dies. Next, the dies are tested using driver/receiver circuitry implemented in an 

integrated circuit chip, thereby identifying good dies. The good dies are then packaged. 

According to one feature, the driver/receiver circuitry is provided with reference 
3 s levels produced from digital bit streams. 
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In yet another embodiment, the bipolar circuitry includes a parametric 

measurement unit, which gen¢rates and measures DC voltage and current levels; and, the 

CMOS circuitry includes a digital signal processing device, which monitors and controls 

the generation of the DC voltage and current levels . 

. s According to one feature, the parametric measurement unit includes a low current 

section and a high current section, both of which are selectively monitored and controlled 

by the digital signal processing device. 

According to another feature, reference levels used by the parametric 

measurement unit are provided by digital sigma delta modulators and digital sigma delta 

lo · decoders. 
; 

In another embodiment, the reference levels used by the parametric measurement 

unit are provided by D-to-A converters controlled by the digital signal processing device. 

According to still another feature, the digital· signal processing device controls the 

low current section and the high current section of the parametric measurement unit by 

ts controlling inputs to the digital sigma delta modulators. 

According to yet another feature, the digital signal processing device controls the 
low current section and the high current section of the parametric measurement unit by 

controlling inputs to drivers included in the parametric measurement unit. 

Still further objects and advantages will become apparent from a consideration of 

~ o the ensuing description and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood by reference to the following more 

detailed description and accompanying drawings in which 

FIG. 1 is a block diagram of a conventional tester using pin slice architecture; 

FIG. 2A is a partial block diagram of a pin slice circuit according to the invention; 

FIG. 2B is a partial block diagram of a pin slice circuit according to another 

embodiment of the invention 

FIG. 3A is a detailed view of portions of the pin slice circuit shown in FIG. 2A; 

FIG. 3B is a detailed view of an alternative embodiment of parametric 

measurement circuitry included in the pin slice circuit shown in FIG. 2B; 

FIG.· 3C is a schematic diagram of decoder circuitry included in the pin slice 

circuit shown in FIG. 3A; and 

FIG. 4 is a timing diagram used.to describe the operation of the decoder circuitry 

shown in FIG. 3C. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 2A shows a partialblock diagram of pin slice circuit 214in accordance with 

the present invention. The pin slice circuit 214 is meant to be incorporated into a tester 

using pin slice architecture, such as the tester 100 shown 'in. FIG. I . 

. · s Accordingly, the pin slice circuit 2 J 4 would normally be replicated at least 

I 
~o 
i 
! 

' 

~s 

120 
I 
; 

hundreds and likely thoilsands of times in a tester. Further, each replication ofthe pin 

slice circuit 214 would normally be used for generating and measuring signals and levels 

at a separate pin of a device under test (DUT), such as the DUT 112 shown in FIG. J. 

Because the pill slice circliit214 is normally replicated many times in a tester, 

there is a strong economic incentive to reduce the size and cost of the pin slice circuit 214 

as much as possible. However, the size and cost of the pin slice circuit 214 must be 

reduced in a way that does not adversely affect the accuracy of the signals generated and 

measured by the pin slice circuit 214. 

For this reason, the pin slice circuit 214 is preferably implemented using a 

combination of circuit technologies. In particular, the pin slice circuit 214 includes a 

portion 240 implemented using CMOS technology and a portion 242 implemented using 
bipolar technology. Generally, circuitry implemented using CMOS technology can be 

made relatively compact, low cost, and low power. FUrther, circuitry implemented using 

bipolar technology generally has superior timing characteristics and drive capabilities. 

For example, emitter-coupled logic (ECL) provides the speed and drive required by most 

pin slice circuit applications. In this way, the size and cost of the pin slice circuit 214 can 
be reduced while maintaining a high level of accuracy in the generated and measured 
signals. 

The CMOS portion 240 includes several copies of a timing generator 216, which 

:25 generally produces a timing signal or "edge,, a programmed amount of time after. the start 

of a test cycle. There are several copies of the timing generator 216 because each one can 

be controlled by a test system controller (such as the test system controller 110 shown in 

FIG. 1) for performing a specific function. 

For example, one timing generator can be controlled to start the generation of a 

3 o test signal, while another timing generator can be controlled to stop the test signal 

generation. Similarly, still another timing generator can be controlled to start the 

measurement of a received signal, while yet another timing generator can be controlled to 

stop the signal measurement. 
The CMOS portion 240 also includes digital sigma delta modulator (D:E8M) 

3 s circuitry 226, which is also controlled by the test system controller 110 and is preferably 
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used for producing data relating to a series of reference voltages used by the pin slice 

circuit 214. A novel way of using the oI:AM circuitry 226 to produce the reference 

voltages is .described in detail below . 

. ·The CMOS.portion 240 also includes a digital signal processing device 280, · 

s which includes a programmable digital signal processor 284, a read/write memory 285, 

and analog"."to-digital converter (A-to-D) channels 286a and 286b. Functions performed 

by the digital signal processing device 280 include monitoring DC voltage and current 

levels produced by a.parametric measurement unit (PMU) 220 in the bipolar portion 242. 

The device 280 may then operate in conjunction with the o:EAM circuitry 226 to control 

1 O the DC leyels, thereby ensuring that the PMU 220 produces highly stable DC voltage and 

current levels. A novel way of operating the device 280 in conjunction with the o:EAM 

circuitry 226 is also described in detail below. 

In another embodiment of the invention, shown in FIG. 2B, D-to-A converter 

channels 287a and 287b are included in the CMOS portion 240 instead of the D:EL\M 

15 circuitry 226 of FIG. 2A. This alternative way of using the digital signal processing 

device_ 280 to control the DC levels produced by the PMU 220 is also described in detail 

below in reference to FIGS. 2B and 3B. 

The CMOS portion 240 may include circuitry (not shown) with sequential 

portions that can be synchronized with a clock (not shown) internal to the tester. For 

2 o example, the timing generators 216, the D:EAM circuitry 226, and the digital signal . 

processing device 280 typically include circuitry (not shown) that can be synchronized 

with an internal testsystem clock. For this reason, this circuitry in the CMOS portion 

240 of the pin slice circuit 214 is usually not seriously affected by variations in the timing 

characteristics of CMOS circuits. These timing characteristic variations may be caused 

2 5 by factors. such as changes in the temperature of the pin slice circuit 214, or changes in 

the frequency of signals processed by the pin slice circuit 214. 

However, the CMOS portion 240 may also in~lude circuitry (not shown) that 

cannot be similarly synchronized with an internal test system ,clock. For example, the 

timing ge11erators 216 are generally called upon to produce edges at times dictated by the 

30 . timing of the DUT, not at times solely determined by the internal test system clock. For 

this reason, compensation techniques are preferably used in the timing generators 216 to 

improve the timing characteristics of the CMOS circuits. In this way, the timing 

generators 216, the DIAM circuitry 226, and the digital signal processing device 280 can 

reap the benefits of the reduced size, cost, and power of the CMOS portion 240 of the pin 
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slice circuit 214, while ·not being ·seriously affected by variations in the timing 

characteristics of the CMOS portion 240. 

The bipolar portion 242 of the pin slice circuit 214 includes a driver/receiver 

channel 218, a parametric measurement unit (PMU) 220, -and preferably digital sigma 
, s delta decoder (DLAD) cirGuitry 228 .. 

:Jio 
I 

The edges produced bythetiming generators 216 in the CMOS portion 240 are 

provided to the driver/receiver channel 218 in the bipolar portion 242. The 

driver/receiver channel 218 contains driver and comparator circuitry (not shown). 

necessary for generating and measuring digital signals and levels at a pin of the DUT 112. 

Similarly, in the preferred embodimentofFIG. 2A, the data produced by the 
.DLL\M circuitry 226 in the CMOS. portion 240 is provided to the n:EAn circuitry 228 in 

the bipolar portion 242. · As mentioned above, this data relates to the reference voltages 

used by the pin slice circuit214·. 
Further, the data produced by the o:EAM circuitry 226 is preferably in the fonn of 

15 a serial bit stream. This is because the CMOS and bipolar portions 240 and 242 of the 
! 

pin slice circuit 214 are preferably implemented as custom IC's; and, we have recognized 
. that the cost of custom I C's can be reduced by minimizing the number of pins on the 
IC' s. Accordingly, the. n:E8M circuitry 226 passes data to the DLAD circuitry 228 using 

a 1-bitwide line 244, thereby requiring only one output pad.(not shown) on anIC 

,?O implementing the CMOS portion 240 and only one input pad (not shown) on another IC 

implementing the bipolar portion. 
The n:EAn circµitry 228 provides multiple reference voltages to the . 

driver/receiver channel 218 and the PMU 220 using the data provided by the o:EAM . 

circuitry 226 on the line 244. The driver/receiver channel 218 uses selected ones of these 

.f s reference voltages as logical high levels and logical low levels when generating or 

measuring digital signals at a pin of the DUT 112. 
The DLAD circuitry 228 provides multiple reference voltages, preferably twenty 

(20), to the driver/receiver channel 218. This is because the pin slice circuit 214 is 

.typically implemented in.a dual·channel configuration with ten (10) reference voltages 

3 o provided to each channel. Further, the pin slice circuit 214 is typically used for testing 

semiconductor devices implemented using different technologies, which may operate in 

accordance with different logic levels. The test system controller 110 sends control 

.. signals to the driver/receiver channel 218 indicating which reference voltages to use as 

logical high levels and logical low levels for the different DUT technologies. 
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The PMU 220 also uses selected ones of the reference voltages produced by the 

DLAD circuitry 228. Whereas the driver/receiver channel 218 uses the reference voltages 

for defining logical high and low levels for digital signals. the PMU 220 uses the 

reference voltages for producing and measuring DC levels at a pin of the DUT 112. The 

s test system controller .110 also sends control signals to the PMU 220 indicating which 

reference voltages to use in producing and measuring the required DC levels. 

Although FIGS. 2A and 2B show outputs of the driver/receiver channel 218 and 

the PMU 220 providing signals and levels to a pin of the DUT 112 using the same line, it 

should be understood that only one of them is active at a time and there is in fact no 

10 contention for the line. Accordingly, the test system controller 110 preferably controls 

switches or relays (not shown) for isolating the driver/receiver channel 218 and the PMU 

220 from each other during a test. 

The PMU 220 also provides indications of the DC levels it produces to the digital 

signal processing device 280 on lines 283 and 288. In particular, the lines 283 and 288 

15 connect to inputs of the A-to-D channels 286a and 286b, respectively. The A-to-D 

channels 286a and 286b then convert the DC indications to digital form, thereby allowing 

the processor 284 to read in and monitor the DC voltage and current values. It is 

expected that 16-bit A-to-D converters (not shown), included in the A-to-D channels . . 

286a and 286b (not shown), will provide sufficient resolution for the processor 284 to 

2 o monitor the DC values. 

Further, the processor 284 compares the monitored DC values with desired DC 

values, which may be stored in the memory 285. If the processor 284 recognizes that the 

monitored DC values do not match the desired DC values, then the processor 284 may 

perform corrective actions depending upon the chosen embodiment of the PMU 220. For 

2 5 example, the processor 284 may instruct the test system controller 110 to modify control 

signals provided to the n:E.£\M circuitry 226, thereby adjusting selected ones of the 

reference voltages provided to the PMU 220. Alternatively, the processor 284 may 

directly control the D:E.£\M circuitry 226 over a digital control bus 299. In the alternate 

embodiment of the invention of FIGS. 2B and 3B, the processor 284 may modify the 

3 o levels of drive data provided to the PMU 220 by using the D-to-A channels 287a and 

287b QfFIG. 2B. These alternative ways of using the digital signal processing device 

280 to control the DC levels produced by the PMU 220 will be described in more detail 

below with respect to FIGS. 3A through 3C. 

FIG. 3A shows detailed views of the D:E.£\M circuitry 226, the D:EAn circuitry 

3 5 228, and the PMU 220. 

- 11 -



W000/46609 PCT/US00/02796 

The n:EL.\M circuitry 226 includes multiple D:EL.\M·s 330. As known to those 

skilled in this art~ a D:EL.\M.is a simple, highly non-linear algorithm that can be .. ·· 

implemented with digital circuitry and used to re-quantize high resolution' digital input 
. . 

signals, thereby representing them·as low resolution numbers at a higher sainpling rate 

'5 and with little loss of fidelity. On~ reason why n:EAM•s are used in the present invention 

is that they can be easily integrated with other circuits in the CMOS portion 240 of the 

pin slice circuit 214 using known techniques. 

Low resolution, high-speed digital-to-analog (D-to-A) converters 335 (see FIG. 

3A), such as 1-bit D-to-A converters, can then be used to recreate the multiple reference 

o voltages used by the driver/receiver channel 218 and the PMU 220. These D-to-A 

converters can be easily fabricated in minimal area, even in a bipolar process, . 

Accordingly, this low resolution representation of high resolution digital input signals 

leads to an area and cost efficient way of recreating the multiple, switched-analog, · 

25 

reference voltages in the bipolar portion 242 of the pin slice circuit 214. 

In the illustrative embodiment shown in FIG. 3A, multiple nI:L.\M•s 330 are 

shown in the n:EL\M circuitry 226. This is because the PMU 220 is shown with driver 

circuitry 392 and 393 for providing DC levels to the OUT 112. The driver circuitry 392 

provides DC levels to the DUT 112 that conform to a selected logical higl) voltage, VR1· 

Similarly, the driver circuitry 393 provides DC levels to the DUT 112 that conforin to a 

selected logical high threshold voltage, VR2. Accordingly, the multipie o:EL\M•s 330 are 
used to produce the reference voltages V RI and V R2· . ·. 

It should be understood that the number ofnI:L\M•s 330 in the n:EL\M circuitry 

226 equals the number of reference voltages provided by the nI:L\D circuitry 228. 

Because the o:EL\o cir~uitry 228 provides twenty (20) reference voltages (V RI through 

V R2o) in the preferred embodiment, the D:EL\M circuitry 226 preferably includes twenty 

(20) o:EL\M•s 330. 

Each o:EL\M 330 accepts as its input a sequence of switched consulnt vatues 

provided by the test system controller 110. Each constant value corresponds with the 

desired DC level over some period of time at the reference voltage output Va1 ~ Viu··· or 

3 o V R20 associated with that modulator 330. Changing the constant value at the input ofa 

DLL\M 330 causes the numbers provided by the o:EL\M 330 to change. These ·iiumbers 

are then decoded, converted to analog levels, and filtered in the D:EL\o circuitry 228, 

thereby resulting in a new DC IeveJ at an output of the n:EL\D circuitry 22s. Each output 

of the o:EL\o circuitry 228 'is wired to an assigned voltage reference input at either the 
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driver/receiver channel 218 or the PMU 220. In this way, the reference voltages can be 

specified by a tester operator during programming of the test system controller 110. 

The sequence of constant values at the input of each oI:L\M 330, is then sampled 

and converted by the o'LL\M 330 using known techniques into an over-sampled, noise-

s shaped, pulse-density-modulated (ONPDM) output signal, which is preferably a 1-bit 

wide output stream at the frequency of the over-sampling clock (not shown). Generally, 

an ONPDM signal produced by a oI:AM is characterized such that the average density of 

digital pulses in the ONPDM signal over a given period of time is equal to the mean 

value at the input of the oI:L\M over the same period of time. Accordingly, the oI:L\M•s 

1 o 330 produce ONPDM output signals with average pulse densities equal to the constant 

values at their inputs. 

Further, each nI:L\M 330 samples the high resolution digital representation ofth.e 

desired switched-analog reference voltage, and provides an over-sampled, noise-shaped, 

low resolution, digital bit stream at its output at a rate th.at is many times the Nyquist 

15 sampling frequency of the input signal. This is because most of the noise generated 

during the re-quantization will be contained in frequencies above the pass-band of analog 

low pass filters 338 (see FIG. 3A) as th.e output sample rate is increased. As more of the 

re-quantization noise power is spectrally shaped into high frequencies, less noise appears 

at the outputs of the analog low pass filters 338. This manner of generating a higher rate 

2 o output data stream whose noise has been moved to a more desirable portion of the 

frequency spectrum is commonly known as "noise-shaped, over-sampling." 

In th.e preferred embodiment, each n'LL\M 330 produces output samples at a 

sampling rate of 5 MHz, which allows the representation of signal frequencies up to a 

Nyquist limit of2.5 MHz. If the analog low pass filters 338 are designed for a pass-band 

2 5 that rolls off steeply after I OkHz, then the ratio of the over-sampled bandwidth to the 

analog output bandwidth will be 250 to I, which is expected to be sufficient to provide 

analog output signals with the desired noise level. 

As mentioned above, the cost of custom IC's can be reduced by minimizing the 

number of pins on theIC's. For this reason, the ONPDM outputs generated by the 

30 n'LL\M's 330 are provided to a multiplexor 332, which produces a time-multiplexed 

sequence of the outputs from the n'LL\M•s 330 on the 1-bit wide line 244. 

In particular, the oI:AM's 330 preferably sa,mple the values at th.eir inputs 

synchronously. Consequently, bits in the output·streams produced by respective oI:L\M•s 

330 are presented to th.e inputs of the multiplexor 332 in a synchronous manner. Further, 

35 the inputs of the multiplexor 332 are sequentially selected by a counter 334. In this way~ 
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the bits in the output stream~ produced by theol:AM's 330 are placed on the I-bit wide 

line 244 in a sequential manner. 

As mentioned abo~e, the ol:.6M circuitry 226 preferably includes twenty (20) 

oLAM•s 330. This means that the multiplexor 332 preferably has twenty (20) inputs for 

· s combining twenty (20) PDM outputs on the line 244. Further, the twenty (20) inputs of 

the multiplexor 332 are sequentially selected by the counter 334. In this way, bits in the 

output streams produced by the twenty (20) ol:AM•s 330 are placed on the line 244 in a 

sequential manner. 

The test system controller 110 is programmed to control the ol:AM•s 330 and the 

r 0 counter 334 to ensure that the counter 334 counts through a complete cycle only when a 

i new set of twenty (20) bits is available at the inputs of the multiplexor 332. Accordingly, 

the clock frequency of the counter 334 must be twenty (20) times the sampling rate ofthe 

ol:AM•s 330. Using the preferred sampling frequency of5 MHz, this mean~ that the 

clock frequency of the counter 334 is preferably 100 MHz.· 

tis 

,20 
i 

The combine<i' output stream on the line 244 is then proVided to a shift register 

337 included in the ol:Ao circuitry 228. The shift register 337 is used to segregate the· 

output streams produced by the twenty (20) ol:AM's 330 from the combined output 

stream on the line 244. Further, the test system controller 110 is programmed to control 

the application of a clock signal on line 362 and _a sync signal on line 364 to the shift 

register 33 7. 

In particular, the frequency of the clock sigruu applied to the shift register 337 on 

the line 362 must equal the clock frequency of the counter 334. For example, a 100 MHz 

clock applied to the counter 334 causes the multiplexor 332 to produce a bit stream on the 

line 244 at a frequency of 100 MHz. This means that ·the shift register 337-must also be 

2 s clocked at a 100 MHz rate in order to shift twenty (20) bits at a time into twenty (20) · 

registers 336. Further, whenever a new set of twenty (20) bits is available'in the registers 

336, outputs of the registers 336 are enabled and twenty (20) data pulses are 

simultaneously presented to twenty (20) identical synchronizing gates 339 ~ · In this way~ 

· each gate339 is presented with a bit stream produced by a r~spective ol:.MJI 330. 

30 The test system controller 110 provides each gate 339 with a window signal on 

line 366. The window signal is preferably a differential sigital for maximizing edge 

timing accuracy. For this reason, the line 366 is shown as a 2-bit wide line. Further, the 

window signal is used in conjunction with the gates 339 for controlling the: Width of the 

data pulses, and for ensuring that the data pulses in each streain are spaced:far.enough 

3 s apart so that settling time does not affect the data pulse width. 
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Next. the gates 339 present the data streams to respective D-to-A converters 335. 

The D-to-A converters 335 convert the digital numbers to noisy versions of the desired 

DC levels. The analog outputs of the D-to-A converters 335 are then low pass filtered by 

the analog low pass filters 338, thereby removing most of the noise. It should be noted 

5 that the specific implementations of the low-resolution D-to-A converters 335 and the 

analog filters 338 are not critical to the invention. 

The reference voltages V RI through V R20 produced by the filters 33 8 are then 

provided to selection circuitry 396 included in the PMU 220. The test system controller 

110 is programmed to control the selection circuitry 396, thereby presenting the proper 

10 reference voltages to the driver circuitry 392 and 393. 

For example, the selection circuitry 350 is c()ntrolled to provide reference voltages 

V RI and V R2 to the driver circuits 392 and 393, respectively, which produce DC voltage 

levels using drive data provided by the digital signal processing device 280 on lines 281 

and 282. The DC voltage levels may be produced with values approaching V RI and VR2 

15 and then selectively passed through sense resisters 397 and 398, and switches 394 and 

395, to the DUT 112. 

In the preferred embodiment, the driver circuits 392 and 393 are the same:as those 

used in the driver/receiver circuitry 218, thereby ~ontributing to optimal efficiency in 

manufacturing cost. In this embodiment, Vih inputs on the drivers 392 and 393 are 

2 O connected to selected reference voltages (such as V RI and V R2 as shown), and Vil inputs on 

the drivers 392 and 393 are connected to ground. This allows the drivers 392 and 393 to 

produce DC voltage levels within the ranges 0 to V RI volts, and 0 to V R2 volts, 

respectively. 

Further, the sense resistors 397 and 398 are preferably implemented on the IC 

2 5 implementing the bipolar portion 242, thereby minimizing the number of pins required on 

the bipolar IC and contributing to optimal efficiency in printed circuit board area and 

cost. However, the resistors 397 and 398 might alternatively be implemented "off-chip" 

as discrete resistors if the area available on the bipolar IC is restricted. In addition, the 

switches 394 and 395 are preferably implemented off-chip as relays or optically isolated 

3 O FET' s for minimizing noise. 

In the alternate embodiment of FIGS. 28 and 3B, the digital signal processing 

device 280 may provkfe drive data to the driver circuits 392 and 393 through the D-to-A 

converters 287a and 287b. In this way, the device 280 can specify both the duration and 

the value of the DC levels produced by the drivers 392 and 393. In particular, the 

3 5 processor 284 may be programmed for sequentially providing specific values to the D-to-
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A channels 287a and 287b, which then convert the values to analog form and pass the 

converted values to the drivers 392 and 393 using the lines 281and282, respectively. It 

is expected that 16-bit D-to-A converters (nqt shoWn) included in the D-to .. A ·channels 

287a and 287b will provide sufficient resolution for the drive data provided'bythe digital 

s signal processing device 280. 

In both the embodiments of FIGS. 2A and 2B, in order to provide optimal 

flexibility in testing the DUT 112, the PMU 220 preferably includes a low current output 

section and a high current output section. To this end, the values of the sense resistors 

397 and 398 are chosen to provide desired low and high DC current level$.·' 

io For example, the path including the driver 392 and the sense resistor 397 may be 

designed to provide a low DC current level. In this case, a suitable value for the sense 

resistor 397 may be 1 ko. Because the driver 392 has a defined gain, the value of the 

reference voltage, VR1, may then be selected to provide a full-scale voltage output such as 

2 volts. Accordingly, the corresponding full-scale current output would he equal to 2 

;i.s mA. This means that the corresponding full-scale power level would be equal to 4 mW. 

Because the D-to-A channels 287 a and 287b are preferably capable of converting 16.;.bit 

data, this also means that the corresponding LSB current output would be equal to 30 nA. 

Further, the path including the driver 393 and the sense resistor 398 may be 

designed to.provide a high DC current level.· In this case, a suitable value,for the sense 

20 resistor'398 may be 40 n. Because the drivers 392 and 393 preferably have the same 

defined gains, the value of the reference voltage, V R2• may also be selected· to provide· a 

full-scale voltage output such as 2 volts. Accordingly, the corresponding full-scale ·· 

current output would be equal to 50 mA. This means that the corresponding full-scale· 

power levelwould be equal to 100 mW, and the corresponding LSB curre:ntoutput 

25 (assuming a 16-bit D-to-A converter) would be equal to about 0.8 µA. 

Although specific values are described above for the sense resistors 397 and 398, 

it should be understood that other suitable values might also be used. For example,·the 

values for the sense· resistors 397.and 398 might be specified not only for satisfying the 

desired high and low DC current levels, but also for matching impedances of outputs of 

3 o the pin slice circuit 214 and corresponding pins of the DUT 112. 

The DC levels produced by the drivers 392 and 393 are then provided to the DUT 
112 through the switches 394 and 395. The test system controller 110 is programmed to 

control the switches 394 and 395, thereby presenting a desired DC level to a·pin (not 

shown) of the DUT 112. 
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It was mentioned that it is very important for pin slice circuits to generate stable 

DC voltage and current levels during parametric tests. This is because any instability in 

the generated DC levels may cause inaccuracies in test results. Such instability might be 

caused by factors such as process and temperature variations affecting the pin slice 

5 circuits. For this reason, the DC voltage level produced by either the driver 392 or 393 is 

provided to the digital signal processing device 280 on line 283. Accordingly, the test 

system controller 110 is programmed to actuate one of the switches 394 and 395, thereby 

presenting the DC voltage level produced by either the driver 392 or 393 to the A-to-D 

channel 286a. 

10 Further, the PMU 220 includes differential amplifiers 391 and399, which 

measure the voltage across the sense resistors 397 and 398, respectively, and present the 

measured voltages to a multiplexor 390. The test system controller 110 is programmed to 

emit a select signal to the multiplexor 390, thereby presenting the DC voltage level 

measured across either the sense resistor 397 or 398 to the A-to-D channel 286b on the 

15 line 288. Because the sense resistors 397 and 398 have specified values, the DC current 

levels produced by the drivers 392 and 393 can be easily determined from the measured 

DC voltage levels. 

. The A-to-D channels 286a and 286b then convert the DC voltage levels oli the 

lines 283 and 288, respectively, into digital form. Further, the processor 284 is 

2 o programmed to read in the converted DC voltage levels and determine whether the 

drivers 392 and 393 are producing the desired DC voltage and current levels. 

For example, FIG. 3A shows the case where the processor 284 monitors and 

controls DC levels produced by the driver 392. Accordingly, test system controller 110 

emits a control signal to actuate the switch 394. Because only one of the DC levels 

25 produced by the drivers 392 and 393 may appear on the line 283 at one time, the switch· 

395 ·is shown in the "open" position. Consequently, the DC level produced by the driver 

392 is provided to the A-to-D channel 286a on the line 283. 

Further, the test system controller 110 emits a select signal to the multiplexor 390, 

thereby causing the level measured by the differential amplifier 391 to be placed on the 

3 o line 288. Consequently, this measured level is provided to the A-to-D channel 286b on 

the line 288. 

Next, the A-to-D channels 286a and 286b convert the DC levels into digital form 

and the processor 284 reads in the converted levels. The processor 284 can therefore 

either directly monitor the DC voltage level produced by the driver 392 on the line 283, 

3 5 or calculate the DC current level produced by the driver 392 using the measured voltage 
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level on the line 288. The processor 284 then compares one or both of these levels with.· 

desired voltage and/or current levels, which are stored in the memory 285 at the start of· 
the test session. 

FIGS. 2A and 3A show the case where the processor 284 monitors and controls 
s the DC levels produced by the driver 392. Again, the testsystem controller 110 is . 

programmed to actuate the switch 394, open the switch 395, and emit a select signal to 

the multiplexor 390 that causes the output of the differential amplifier 391 to be placed on 

the line 288. 

In this preferred embodiment, inputs of the drivers 392 and 393 are coupled to 
io selected ones of the references voltages provided by the DL8D circuitry 228. For 

example, the input of the driver 392 may be coupled to the reference voltage, VR1, and the 

input ofthe driver 393 may be coupled to the reference voltage, Vru. Accordingly, if the 

processor 284 concludes that the DC levels produced by the drivers 392 and 393 do not 

match the desir~d levels, then the processor 284 adjusts the DC levels by changing the 

:i-s reference voltage levels VR1 andVR2. The processor 284 therefore directs the test system. 
controller 110 to change, as appropriate, the sequences of switched constant values at the 
inputs of the modulators 330 associated with the reference voltages VR1 and VR2 until the 
desired levels are achieved. In this way, the digital signal processing device 280 ensures 

that the PMU 220 produces definite, stable DC voltage and current levels. Alternatively, 

~ o the processor 284 could directly control the sequences of switched constant values . 

described by the modulators 330 by issuing appropriate commands over the control bus . 

299. 

It should be noted that the reference voltages V :R.i through V R2o might be similarly 

provided to selection circuitry (notshown):included in the driver/receiver circuitry 218. · 

t2 5 The test system controller l10 would therefore be progr8.Jllmed to control this selection . 

circuitry for presenting the proper reference voltages to drivers {not shown) and 

comparators (not shown) in the driver/receiver circuitry 218. 

FIGS. 2B and 3B show an alternate embodiment of the invention where the digital 

signal processing device 280 provides drive data to the drivers392 and 393 on the lines . 

3 o 281 and 282, respectively. Accordingly, if the processor284 concludes based on the 

prior comparisons that the DC levels produced by the drivers 392 and 393 do not match.· 

the desired levels, then the processor 284 adjusts the DC levels by changing the. 

magnitude of values it presents to the D-to-A channels 287a and 287b, thereby changing· 

the levels of the drive data on the lines 281and282 until the desired levels are achieved;· 
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FIG. 3C shows a schematic diagram of the o:EAo circuitry 228. In particular, the 

100 MHz bit stream produced by the multiplexor 332 is provided to the first register 336-

1 in the shift register 337 on the line 244. Each of the registers 336-1through336-20 

preferably include respective registers 470 and 472. which may be implemented using 

s conventional D-flip-flops. Further, each of the respective registers 470 are serially 

connected as shown in FIG. 3C. 

As mentioned above, the shift register 337 is preferably clocked at a 100 MHz 

rate in order to shift twenty (20) bits from the bit stream on the line 244 into the twenty 

(20) registers 336. Accordingly, the 100 MHz clock is provided to the respective 

10 registers 470 on the line 362. Further, whenever a new set of twenty (20) bits is available 

in the respective registers 470, the sync signal is applied on the line 364, thereby latching 

the twenty (20) bits in the respective registers 472. Because the sets of twenty (20)bits 

are preferably clocked into the registers 4 70 at a 100 MHz rate, the sync signal is applied 

to the line 364 at a 5 MHz rate. 

15 Each set of bits latched in the registers 472 are then presented to the sync gates 

339, which may be implemented using a conventional ·AND-gate configuration. The 

operation of the sync gates 339 may be described using the timfog diagram shown in FIG. 

4. 
For example, FIG. 4 shows a series of data pulses on line 474 (FIG. 3C), which is 

2 o connected to an input of one of the sync gates 339. The series of data pulses corresponds 

to a bit stream produced by one of the pl:AM•s 330. Further, because each o:EAM 330 

· preferably samples the value at its input using a sampling frequency of 5 MHz, the width 

of each data pulse on the line 474 is 200 11secs. Accordingly, a data bit with a value of 

logical "l" occurs between times I and 200 Tl secs; a data bit with a value of logical "O" 

25 . occurs between times 200 TJsecs and 40011secs; and, a data bit with a value oflogical "l" 

occurs between times 40011secs and 60011secs. 

FIG. 4 also shows the window signal on the line 366. As mentioned above, the 

window signal is preferably a differential signal. Accordingly, FIG. 3A shows the line 

366 as a 2-bit wide line connected to two inputs of each sync gate 339. 

3 o We have recognized that accuracy can be improved by precisely controlling the 

Width and spacing of the data pulses provided by the registers 472. To this end, the sync 

gate 339 synchronizes the data on the line 474 with the window signal on the line 366. 

The synchronized data on the line 476 (FIG. 4) is then presented to the filter 338. 

As shown in FIG. 4, the width of the data pulses on the line 476 equals the width 

3 5 of the pulses on the line 366; and, the minimum spacing between adjacent data pulses on 
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the line 476 is equal to the spacing between the pulses on the line 366. Further. ifthe 

register 472 provides the sync gate 339 with a, data bit having a value of logical "I," then 

the sync gate 339 provides a pulse with a fixed width to the filter 338 .. Alternatively, if · 

the register 472 provides the sync ga,te 339 with a data bit having a value oflogical "O," 

. 5 then the sync gate 339 sends no pulse to the filter 338. Finally, the filters 338 convert 

these data bit streams from PDM signals to PCM signals with constant values equal to the 

desired DC reference vqltages V Rt through V R2o· . 

io 

Having described one embodiment, numerous alternative embodiments or .. 

variations might be maq~. For example, it was described that the pin slice circuit has a 

CMOS portion and a bipolar portion; and, that the timing generator and the DL.6. 

modulator circuitry are in the CMOS portion while the DL4 decoder circuitry, the 

driver/receiver channel, and the PMU are in the bipolar portion. However, this was . 

merely an illustrative example. The pin slice circuit might be configured with different 

circuit blocks in the CMOS and bipolar portions. 

15 For example, the D~.6. decoder circuitry might be included in the CMOS portion. 

' i 
~o 
; 

This would eliminate the n~ed for combining multiple bit.streams using a multiplexor and 

a :Counter, and then segregating the bit stre8llls. using a shift register. Further, this would 

require more pins in corresponding IC's for passing the reference voltages from the DL.6. 

decoder circuitry in the.C;MOS IC to the driver/receiver ch~el and PMU in the bipolar 

IC, which could make theresulting system less cost and.area_ efficient. 

Further, the selectiQn circuitry in the PMU 220 might. be removed entirely and the 

reference voltages routed directly to the driver and differential amplifier circuitry. 

In addition, in an alternative embodiment of the invention, the circuit including 

the differential amplifier 391, the sense re_sistor397, the switch 394, and the driver 392 

25 (see FIG. 3A) might be duplicated on the IC implementing the bipolar portion 242, with 

the exception that a larger value is used for the sense resistor. The output ofthe 

differential amplifier in this d1,1plicated circuit wo.uld then be multiplexed with the outputs 

of the other differential amplifiers 391 and 399~ Accordingly, an additionalinput and 

· control line would be required for the multiplexor 390. 

3 o For example, the :value ofthe sense resistor in the duplicated circuit might be 

equal to 25 kn while the value of the sense resistor 397 in the original circuit.is equal to 1 ·. 

kn. Such a larger sense r~sistor value would generaUy allow greater resolution for 

smaller cuirentlevels. 

Further, the drivers ill both the original circuit and the duplicated circuit may use 

35 the same reference voltag~ level (e.g., VR1). This is bec~us~ respective switches in the 
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circuits, such as the switch394, would be controlled so that only one of the circuits is 

used at a time. This embocJi,~~nt would be especially useful}O,~wer resolution D-to-A 

converters are incorporated into the invention. 

In addition, the DLA modulators described herein are preferably second-order 

s modulators. However, higher-order modulators may be used for further reducing residual 

noise on the reference voltages after low pass filtering. Because higher order modulators 

generally require higher orders of analog filtering, the overall circuit complexity can be 

expected to increase, thereby reducing the area and cost efficiency. 

Therefore, the invention should be limited only by the spirit and scope of the 

1 o appended claims. 
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1. 

2 . 

3. 

4. 

5. 

What is Claimed is 

A semiconductor chip adapted for use in an automatic test system, comprising: 

a modulation circuit, the modulation circuit having a control input and an output 

connected to an output pad of the semiconductor chip,.the modulation 

circuit producing a stream of digital bits at its output for subsequent 

conversion into a first DC level, the stream of digital bits being 

representative of a value at the control input of the modulation circuit; and 

a programmable digital signal processing device for monitoring and controlling 

the first DC level, the digital signal processing device including an A-to-D · 

channel connected to an input pad of the semiconductor chip, the A-to-D 

channel being used to convert a second DC level applied to the input ·pad 

into digital data, the second DC level being proportional to the first DC 

level, 

wherein the digital signal processing device is programmed for determining 

deviations of the digital data from desired data stored in memory and for 

controlling the value at the control input of the modulation circuit to 

minimize the deviations. 

The semiconductor chip as recited in claim 1, 

wherein the chip is implemented using CMOS technology. 

The semiconductor chip as recited in claim 1, 

further including a plurality of timing generator circuits, each timing generator 

circuit having a control input and an output having a signal thereon at a 

time determined by the value on the control input, and 

wherein the outputs of the timing generator circuits are coupled to output pads of 

the semiconductor chip. 

The semiconductor chip as recited in claim 1, 

wherein the modulation circuit is a digital sigma delta modulator. 

An automatic test system comprising the semiconductor chip as recited in claim 1, 

further including a second semiconductor chip comprising: 

a parametric measurement unit formed thereon, the parametric measurement unit 

having a plurality of reference inputs, and an output coupled to the input 
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pad of the semiconductor chip of claim 1 for applying the second DC 

level; and 
;~;. ~. _;::~\ ". 

a conversion circuit having a digital input coupled to the output pad of the 

semiconductor chip of claim 1 and an analog output coupled to a reference 

input of the parametric measurement unit. 

The automatic test system as recited in claim 5, 

wherein the semiconductor chip of claim 1 is implemented using CMOS 

technology, and the second semiconductor chip is implemented using 

bipolar technology. 

A method of operating automatic test equipment of the type having a 

programmable digital signal processing. device implemented on a first integrated 

circuit and parametric measurement circuitry implemented on a second integrated 

circuit, comprising the steps of: 

(a) generating drive data using circuit means implemented on the first 

integrated circuit; 

(b) providing the drive data to the second integrated circuit; 

( c) generating a DC level proportional to the drive data using the parametric 

measurement circuitry; 

( d) providing the DC level to the first integrated circuit; 

( e) determining any deviation between the generated DC level and a desired 

DC level using the digital signal processing device; and 

(f) if a deviation is determined in step (e), modifying the drive data using the 

digital signal processing device to minimize the deviation. 

The method as recited in claim 7, 

wherein the first integrated circuit is implemented in CMOS technology and the 

second integrated circuit is implemented in bipolar technology. 

The method as recited in claim 7, 

wherein the step of generating the drive data includes generating a serial bit 

stream. 

The method as recited in claim 9, 
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wherein the step of providing the drive data includes providing the serial bit 

stream through a single pin of the first integrated circuit. 

The method as recited iri claim 10, 

further including steps of 

using circuit means on the second integrated circuit to segregate the serial 

bit ~ream into a pluralit}' of segregated bit streams, and 

providing the segregated bit streams to the parimtetric measurement 

cireuitry. 

· p_ 12. The method as recited in claim 1 O~ 

2 wherein the step ofproviding the serial bit stream includes the steps of using a 

·1 13. 
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plurality o:f sigma delta modulators. to generate a plurality of bit streams, 

each bit stream representing one reference level, ·and multiplexing the 

plurality ofbits·streams to form a single bit.stream. 

A process of manufacturing semiconductor chips µsing the method as recited in 

claim 7, the process comprising the steps of: 

a) providing a wafer havirig a plur8lity of dies thereon; . 

b) testing the dies with a test system operated according to the method of 

claim 7 to i(ientify furictioning dies; and 

c) packaging the functioning dies. 

A semiconductor chip adapted for u8e in an automatic test system, comprising: 

a programmable digital signal proeessing device including at least one D-to-A 

channel and at least one A-to-D channel, an output of the D-to-A channel 

being connected to an output pad ofthe'semiconductor chip, and an input 

of the A-to-b channel bemg connected to an input pad of the 

semiconductor chip, 

wherein the D-to-A channel converts digital data provided by the digital 

signal processing device into a first DC level at its output, the first 

DC level being subsequently provided by the test system to a 

device under test, 

wherein the A-to-D channel converts a second, DC level at its input into 

corresponding digital data and provides the corresponding digital 
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data to the digital signal processing device, the second DC level 

being proportional to the first DC level~ ~and 

wherein the digital signal processing device is programmed for 

determining deviations of the digital data corresponding to the 

second DC level from desired data stored in memory and for 

controlling the digital data provided to the D-to-A channel to 

minimize the deviations. 

The semiconductor chip as recited in claim 14, 

wherein the second DC level is proportional to current flowing out of or into a 

load connected to the first DC level. 

The semiconductor chip as recited in claim 14, 

wherein the chip is implemented using CMOS technology. 

The semiconductor chip as recited in claim 14, 

further including a plurality of timing generator circuits, each timing generator 

circuit having a control input and an output having a signal thereon at a 

time detennined by the value on the control input, and 

wherein the outputs of the timing generator circuits are coupled to output pads of 

the semiconductor chip. 

An automatic test system comprising the semiconductor chip as recited in claim 

14, 

further including a second semiconductor chip comprising: 

a parametric measurement unit fonned thereon, the parametric measurement unit 

having a plurality of reference inputs and at least one output, 

wherein one of the reference inputs is coupled to the output pad of the 

semiconductor chip of claim 14, and 

wherein the output of the parametric measurement unit is coupled to the 

input pad of the semiconductor chip of claim 1 for applying the 

second DC level. 

The automatic test system as recited in claim 18, 
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20. 

wherein the semiconductor chip of claim· 1 is implemented·using CMOS 

technology, and the second semiconductor chip is implemented using 

bipolar technology. 

The semiconductor chip as recited in claim 1, 

wherein the second DC level is proportional to current flowing out of or into a 

load connected to the first DC level. 
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