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Multiplexing makes room for the extra address bit, keeping the 32-K memory compatible with 16-K devices and 64-K ROMs



o



Given the inevitability with which memory chips make it easy for designers to upgrade their memory increase in density, no crystal ball was needed to foretell systems with the denser chip. But this requirement presented a real challenge. The the arrival of a 32-K enhancement of the widely used 16-K erasable programmable read-only memory. Much 16-K 2716 E-PROM uses all of its 24 pins, so where was less predictable, however, was how the new device would the 32-K 2732 to find the extra one needed for the extra be packaged. The only certainty here was that compati- address bit that its doubled memory size required? It bility with the 16-K package would be optimized, to makes the extra room by combining two 2716 functions on a single pin. The final 2732 package truly meets the compatibility requirement. It can be used to build a memory board that is flexible enough to allow any mix of the read-only memory chips while affording a clear-cut modularity
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.t 1. Four kilobyte. of E-PROM. The 2732 erasable programmable read-only memory packs 32.768 bits into a chip measuring iess than 40,000 mil', an area that is only 30% larger than the earlier 16-k 2716 memory chip. Placing all the bonding pads at two ends of the die, rather than around the whole perimeter, also helps boost density.



2. Tighter cell. The 2732 uses the same basic double-polysilicon stacked-gate MOS cell as its 16-K forerunner, although the 32-K chip is only 30% larger. Greater density of the new E-PROM derives from improvements in layout and photolithographic techniques.
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• For total compatability from 32K provide a trace to pin 26.



3. New pinout. To accommodate the extra address bit (A,,), the 2732 multiplexes the output-enable (OE) with the programming-voltage input (V,,) on pin 20. Compatibility is assured with next-generation 64-K E-PROM, which will be housed in a 28-pin package.



scheme for varying the page sizes and boundaries within a memory system. The 2732 puts 32,768 bits of ultraviolet-light-erasable programmable memory on a chip less than 40,000 square mils in area (Fig. I). It therefore packs twice the bits of the 2716 onto a chip only 30% larger. One reason is that all the bonding pads are on two opposing sides of the die, rather than around its entire periphery, as on the 2716. The advantage is an increase in the relative density of many of the circuits peripheral to the chip's actual memory array that would not be possible were those buffers and control circuits strung out around the chip perimeter. In addition, improvements in circuit layout and photo-lithography have contracted the size of the die, even though the 32-K part is fabricated with the same two-level polysilicon stacked-gate MOS process as the 2716. In essence, the 2732 uses the same basic cell as the 2716 (Fig. 2). The power dissipation of the 2732, which operates with a single + 5-volt supply, is a maximum of 750 milliwatts-50% more power than the 2716. Like the 2716, however, the chip goes automatically into a standby mode when not selected, reducing its dissipation to the much lower value of 150 mW. That arrangement saves 80% of the power while not degrading system speed in the least-the access time of the device is 450 nanoseconds in the worst case. Enter multiplexing



For compatibility with the 16-K E-PROM, the 2732 maintains the same two control lines: an output-enable input (OE), which independently controls the chip's three-state output buffers, and a chip-enable input (CE), which selects the device and provides the automatic power-down feature. So that the 2732 would fit into the same 24-pin package as the 16-K E-PROM, the new twelfth address bit (All) is given the programming-voltage supply (V pp) pin,



while Vpp and OE are now multiplexed to share a single pin, as shown in Fig. 3. The multiplexing relies on a voltage-dependence scheme that is transparent to the user operating the chip in its normal read mode (see "New circuit for an E-PROM," p. 128). System applications



With the new pin arrangement, an extremely flexible memory system can be planned around 28-pin package sites that allows the page size-the number of bytes per site-to change easily from I kilobyte to 8 kilobytes. (Although the largest increment, a 65,536-bit device, is available now only as masked ROM, the 64-K E-PROM will soon join the family.) The 2732, with a 4-kilobyte capacity, is well suited to many microprocessor program-storage applications. Perhaps more important, the 2732 design and pinout allow a new degree of modularity with respect to system page size-the universal-board concept is closer than ever, for page sizes of I, 2, 4, and 8 kilobytes can be designed into a system, and when the system is configured at the time of card assembly, the correct ROM or E-PROM can be inserted in the sockets provided. Moreover, the outputand chip-enable lines completely eliminate bus contention and keep the system operating at a minimum power dissipation. Architecture



for a flexible board



While it is generally true that the average ratio of read-only to read/write memory in a microprocessorbased system ranges from 3: I to 5: I, systems often are of necessity committed to a hardware design well before the exact amount of RAM and ROM required has been established. But with a little advance planning, it is possible to execute a scheme that permits page size to vary by allowing the ratio of RAM to ROM to be decided after the hardware is built. The key to such an architecture is a fuse-link-programmable ROM for address decoding. All that is needed



The basic repertoire' of circuits used in the 2732 was developed for the 2716 erasable programmable read-only memory, including address butters, decoders, sense amplifiers, data-input and -output buffers, and programming circuits. For the larger E-PROM, however, one new circuit had to be developed-a multiplexer that allows pin 20 to function as both the output-enable (OE) input and the programming-voltage supply (V•• ) pin. Despite the necessary change, close compatibility with the 2716 was desired; thus the basic timing specifications had to be duplicated into the 2732. During the read mode, pin 20 functions as the same output-enable on the 2716: when the 2732 is selected by a signal that drives its chip-enable (CE)~ut low, and the addresses at its inputs are stable, OE independently controls the device's three-state output buffers. In the programming mode, however, pin 20 receives the + 25-volt programming source. lt was decided that the mere presence of that high voltage would switch the 2732 into the programming mode, which requires reversing the data outputs so that they become inputs, and switching the function of the chip-enable input to that of a programming-enable input. The problem was in keeping the switch to the programming mode transparent to the chip's normal read operation. The solution for pin 20 was the voltage-activated switch whose circuit is diagrammed in the figure. When a high voltage (V•• ) is detected at the pin, the output buffer is disabled and the programming-input buffer enabled, thereby turning the data outputs around so that they become inputs. The switch also allows that pin 20 become the source of the relatively high program-



ming power. At the same time, application of th~ower to the array becomes the job of the chip-enable (CE) pin, which applies V•• to the appropriate column in the memoryarray. Programming a byte into the 2732, as in the 2716, requires the application of a single TTL-Ievel pulse of 50 milliseconds' duration to the CE input. Whereas the 2716 requires an active-high signal, however, the 2732 reverses the requirement to an active-low pulse. The advantage here is that memory systems can more easily accommodate in-system programming of the E-PROMs.
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for a basic system is a four-output PROM, such as a lKx4 bipolar device. (A 1,024-by-4-bit device is used in this case; it is large enough to accommodate a universal coding scheme with many more combinations of page sizes and boundaries.) As shown in the simplified two-page example of Fig. 4, the 10 least significant address bits (Ao-A" which address a I-kilobyte space) are passed through the system and connect directly to pin addresses Ao-A, at all the memory sites. Bits A,o-All go to the PROM's least significant address inputs Ao-A,. (In this example only a 16-kilobyte space is addressed; no use is made of the most significant address bits A,. and A15 that reach the 64-K byte address space found in most microprocessors.) For an 8085 or 8086 microprocessor, the IO/Mpin, which determines whether the processor reads from the inputiDutput lines or from memory, connects to the chip-select input (cs) of the PROM.The microprocessor's read (RD) signal (or the MRDCsignal on an 8288 buscontroller used in conjunction with an 8086) drives the OE signals of all the memories in the system. Table I shows the address-memory map for determining the page sizes and boundaries, which are fixed by the PROM.Note that the system address bit that controls the page boundary changes as the page size is changed. For the 4-kilobyte 2732, for example, system address bit A 12 determines the page boundary, while if a 2-kilobyte 2716 were used, system address bit All would determine the
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boundary. (It is important in using 2716s to remember that pin 21 must be tied to +5 v.) In a similar manner, if 8-kilobyte 64-K ROMs or E-PROMs were used, system address bit All would determine the page boundary. Coding the PROM



The PROMis coded so that its address bits A. and As select the page size, which is determined in this case by switches 8, and 8,. The switching scheme is as follows: for a I-kilobyte page, A. and As are both 0; for a 2-kilobyte page, they are 0 and I, respectively; for a 4-kilobyte page, they are I and 0; and for an 8-kilobyte page, both A. and As are I. The entire code for the PROM is shown in Table 2. By utilizing additional switches and inputs to the PROM, the various combinations of page size can be provided. If desired, a universal code may be developed so that one PROM may accommodate any changes in page size. Ultimately, the unused address bits of the PROM could be utilized to allow the various page sizes to be assigned anywhere on the memory map, and single- pole, double- throw switches (the dual in-line package type) could allow the page configuration to be changed in the field to suit the software. D
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