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Introduction

TESTING STRATEGY FOR MIXED-SIGNAL DEVICES

Device functionality continues to become more highly integrated, with analog functions on traditionally “digital” devices and digital functions and controls on formerly all analog devices. Whether you come from a formerly all analog or all digital testing world, the devices you must test now are mixed-signal devices. You may know them as “systems on a chip,” “mixed-signal ASICs,” or “system silicon”. However you know them, these devices require a high-performance mixed-signal test system to successfully test both the components within each device as well as the overall system functionality of the device. The Teradyne A585/A575/ A565 Series of Advanced Mixed- Signal Test Systems simplify the transition from all analog to analogwith- digital, or mixed-signal, testing because the addition of testing digital signals is handled in a manner familiar to you. Similarly, the transition from all digital to mixed-signal testing (with dynamic analog measurements) is also simplified because the architecture throughout the Teradyne A585/A575/ A565 Series of Advanced Mixed- Signal Test Systems is based on the familiar per-pin functionality of VLSI test systems.

FUNCTIONAL VERSUS COMPONENT TESTING

To reduce time to market and ensure the greatest number of design-ins, device problems must be eliminated as early in the development cycle as possible. With the A585/A575/A565 series of test systems, semiconductor manufacturers can use one test program on a single test system to implement both component and functional test during the characterization phase of new silicon. This can significantly shorten the development cycle time.

During component testing, individual device building blocks are accessed and tested as discrete units. Performance is verified and faults are identified. In the development cycle, this information can be used to modify the design and eliminate the problem. On the production floor, this same component test will identify a failure that would impact overall device operation.

Functional testing ensures that the building blocks work together and the device functions as intended. Functional testing also helps to correlate faults at component test with functional performance errors. In addition, functional test guarantees that the system silicon meets the required industry standard specifications for Ethernet, ISDN, modems, video, and other mixedsignal devices, allowing a manufacturer to differentiate his product by guaranteeing performance with greater test coverage. Those manufacturers who verify the most specs on the device and price the device economically have a significant market advantage over other vendors of similar devices.

An example of functional and component testing can be demonstrated with the programmable filter device shown in figure 1. It contains an A/D converter that converts an analog signal to a digital signal for processing by the on-board DSP engine. The filter also contains a D/A converter for generating an analog output. A number of tests can be performed by accessing the components through the microprocessor bus: the converters can be isolated and tested for ac linearity performance, the DSP engine can be logically tested with high speed digital patterns, and the ROM contents can be read back to confirm that proper values have been programmed. Once the components are verified, an analog signal filtered by the device and captured by the test system can be analyzed for frequency response.

Running only functional tests would require 256 frequency response tests to ensure that all filter settings work correctly. However, system functionality can be verified with only one or two frequency response tests if the component tests are run first to verify the digital signal processor and that the coefficients are correct and readable from the ROM. This second strategy saves substantial test time in the production environment by combining

functional and component testing.

The A585/A575/A565 series revolutionized component and functional test with the ability to run both types of tests on a common system platform with one test program. Numerous manufacturers around the world currently implement this strategy to test Ethernet, ISDN, video processors, disk drives, palette DACs, CODECs, multimedia, mixed-signal ASICs and other mixed-signal devices.

DEVICE TESTING SYNCHRONIZATION

Mixed-signal device testing requires that the digital pins and the analog instrumentation in the test system be synchronized. For example, if an analog source is programmed to generate a 1 MHz sine wave, and the digital pins are programmed to generate a 24 MHz pattern, each instrument must use the same timing reference to ensure that analog signal and digital patterns are locked together and repeatable. In order to accurately measure mixed-signal device performance, the analog waveforms and the digital data generated by the D/A and A/D converters on the device need to be synchronous with input signals in order to use digital signal processing to determine test results.

COMMON SYSTEM-LEVEL INTEGRATION

In each A585/A575/A565 series mixed-signal test system, Teradyne’s innovative Vector Bus® III architecture is used to provide integration and synchronization of the digital pins and analog instruments. High performance instrumentation is common to the entire family of test systems. The Universal Bus architecture provides additional waveform distribution and timing synchronization between instruments. Finally, Teradyne’s Interactive Menu-Assisted Graphics Environment, or IMAGE™, software environment is used for program creation, debugging and execution. Each of these elements is integral to the systems described in this System Description. See figure 2.

The A585/A575/A565 Advanced Mixed-Signal Test Systems

Regardless of your testing experience, mixed-signal testing in the A585/A575/A565 series mixedsignal test system environment will be familiar to you. The building- block architecture, synchronization between analog and digital instruments, and the IMAGE programming environment, all contribute to the high level of integration within the A585/A575/ A565 Series of Advanced Mixed- Signal Test Systems.

Each of the test system models within the A585/A575/A565 series are subsets of one another. Most of the analog and digital instruments are available for any of the models in the series. The maximum number of pins supported and the maximum number of instruments contained within each system reflects the limitations of each. For additional information regarding the specific system configurations, please refer to the System Configuration section of this document.

The A585 Advanced Mixed-Signal Test System provides the greatest configuration flexibility. A single system can contain up to 192 digital pins, support microwave instruments capable of generating 4 GHz and measuring 6 GHz analog waveforms, provide up to 750 volts dc with synchronized power instrumentation, and measure sub-picoAmps with advanced linear instrumentation. The digital pins support 200 Mbit/s data rates and both synchronous and asynchronous dual time domain testing. Options are available that support 400 MHz performance.

Despite its smaller footprint, the A575 test system can support up to 128 digital pins. Although the smaller cabinet limits the total number of instruments per single system, the A575 can be configured with much of the same analog and digital instrumentation available for the A585, with the exception of some synchronized power instrumentation.

The A565 is a highly modular test system. The basic A565 system supports instrumentation for any dc application. Power, ac or digital instruments can be added to create a low-cost mixed-signal test system, with performance similar to the A575 and A585 systems.

The following sections describe each system. Common elements include:

• Vector Bus III Architecture

• Universal Bus Architecture

• Dual Computer Architecture

• IMAGE Software System
The Vector Bus Architecture

The Vector Bus III illustrated in figure 6 is the foundation of the A585/A575/ A565 Series of Advanced Mixed- Signal Test Systems. Five key features provide the flexibility needed to test current and future mixed-signal devices:

• TimeMaster™ Clock Synchronization

• MultiSource Data Mixing

• Mixed-Signal Microcode™ Control

• MultiSync TimeGen™

• MultiState Memory Store

TIMEMASTER CLOCK SYNCHRONIZATION

One of the most critical mixed-signal tester requirements is that both analog and digital instruments be synchronized to a common timing reference. The TimeMaster Clock in figure 7 provides the common reference for all analog and digital pins. The highly accurate 10 MHz reference, along with the frequency synthesizer and associated circuitry, generates an extremely low jitter clock that is programmable over a 160 MHz to 200 MHz range.

The digital and analog clocks are derived from the TimeMaster Clock. The digital subsystem generates two clocks: a C0 clock, also referred to as a device system clock, and a T0 clock, referred to as the data clock or the vector rate clock. The T0 clock drives the digital pattern cycle time.

The C0 clock is an integer divide from the TimeMaster Clock and the T0 clock is an integer divide from the C0 clock. Clock rates range from 50 MHz or 25 MHz depending on the system configuration, down to 4.88 kHz. For example, when testing a microprocessor, the C0 clock may operate at 32 MHz and the T0 clock at 8 MHz. In this case, the digital patterns can be compressed in size and complexity by 4:1, eliminating the need to repeat data vectors.

The A585/A575/A565 series also provides 1,023 timing sets for per-pin timing changes on-the-fly while digital patterns are executing. The C0 and T0 clocks can be independently modified on-the-fly, permitting device read and write timing cycle changes that may be necessary when testing on-board memory.

The analog clocks in the test system include four integer clock dividers that provide independent generation of clocks from 2.5 kHz to 50 MHz. These clocks distribute timing to all ac instruments. Each ac instrument can select any analog clock as its sampling reference.

The A0 clock includes a feature required when generating analog signals that contain program controlled jitter. Microcode commands that increment and decrement the A0 divide value can be issued from the digital pattern. These commands, which can be issued to the A0 clock at digital vector rate speeds of 50 MHz or 25 MHz depending on system configuration, allow generation of triangular, sinusoidal, and multi-frequency jitter patterns.

MULTISOURCE DATA MIXING

Mixed-signal and VLSI device testing require that digital patterns exercise the digital blocks. When performing truth table tests, a digital pattern from digital design simulators can be used to drive and compare deterministic digital patterns.

In order to test devices containing D/A and A/D converter components, the test system must be able to generate or capture digital representations of analog signals also referred to as digital signals. This data can be expressed as a sine wave at a specific frequency and level with a specific digital code format such as sign plus magnitude. Since the data associated with testing an A/D converter is non-deterministic, the system must be able to capture the data rather than run a truth table comparison of the data. The captured data is then processed by the Digital Signal Processing (DSP) algorithms to determine performance of the A/D component.

Because many manufacturers are integrating SCAN technology for increased digital fault coverage, mixed-signal systems must have SCAN testing capabilities, which require very deep serial patterns of configurable pin width.

The Vector Bus III MultiSource Data Mixing provides additional memories in the A585/A575 for efficiently handling SCAN requirements and digital signal source and capture. The memories are available to any digital pin under program control. The Alternate Data Bus allows each digital tester pin to select digital pattern, digital signal, or digital SCAN capability, and provides the ability to switch the selections on-the-fly. See figure 8. Access to different types of memory with the Alternate Data Bus simplifies device interface board design by eliminating the need for “special” digital pins.

MIXED-SIGNAL MICROCODE CONTROL

When testing AVLSI system silicon, the ability to control when analog instruments begin to generate waveforms or capture signals is critical. Mixed-Signal Microcode Control allows the digital pattern to deliver microcode commands to the analog instruments on a vector by vector basis, as illustrated in figure 9. This capability is referred to as Vector-Locking™.

Vector-Locking ensures repeatability. For example, as shown in figure 10, when testing an analog-in to analogout function, an analog source could begin after 100 clock cycles. Then, after a 20 clock cycle settling time, the analog output could be captured with a waveform digitizer. Every time the program runs, the same waveform will be sent on the 100th device clock cycle, and capture will begin on the 120th clock cycle. This locking provides precise control of analog and digital waveforms and also enhances test measurement repeatability, reducing guardbands.

Vector-Locking is also used when testing a device that demodulates analog waveforms into digital bits, as in a FAX modem device. The digital pattern performing the bit comparison detects exactly when the analog signal began. If the analog source began under computer control, the starting phase would be different from the device clock phase. This phase discrepancy will cause errors in the bit stream that is generated by the device. As shown in figure 11, each analog instrument has a unique set of microcode that is available at every digital vector.
