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Object name: National Semiconductor IMP-16 microprocessor and associated chips
Vintage: 1973
Synopsis: A 4-bit bit-slice version of the Data General Nova minicomputer.
Description:
National Semiconductor’s General Purpose Controller / Processor (GPC/P) was introduced in Q1/1973. It was the first bit-slice microprogrammable microprocessor, partitioned into two chips, a standard 4-bit arithmetic slice and a customized control read-only memory [1] (Figs.1-4). The GPC/P architecture was inspired by that of the Data General Nova minicomputer. It appears that users avoided microprogramming, preferring to use National's own standard microprograms in their IMP-4, IMP-8 and IMP-16 chip sets. These are described below.
A very nice overview is from AntiqueTech [2], although it neglects the other five of the very earliest microprocessors
 :
The National Semiconductor IMP-16 is actually a two chip implementation, it’s heart is being the IMP-00A.The National Semiconductor IMP-00A bit-slice microprocessor was introduced to market in the beginning of 1973, this is just the fourth microprocessor (1st, Intel 4004, 2nd Intel 8008, 3rd Rockwell PPS-4). The IMP-00A is the first bit-slice microprocessor, predating the Intel 3002 and AMD 2901. The IMP-00A was developed for the IMP series of minicomputers. The IMP-16 Minicomputer was implemented using 4 IMP-00A’s and a IMP-16A CROM.
CPU devices are comprised on two major components the control unit (CU) and the arithmetic and logic unit (ALU). The CU controls the actions of the CPU and the ALU does the math and logic functions. Bit-slice microprocessors are CPU’s and have been split apart into CU and ALU functions. The IMP-00A is the ALU function. The CU can be implemented with custom circuitry, but a sequencing devices such as the IMP-16A is generally used to implement the CU.

National Semiconductor named the IMP-00A a RALU (Register and Arithmetic Logic Unit). The 4-bit IMP-00A was implemented using silicon gate PMOS technology and was clocked at about 700KHz. The IMP-00A had 7 4-bit registers, a status register, and 16 word stack. The IMP-00A could perform ADD, AND, OR, and XOR operations at a rate of about 1 million per second. To support the IMP-00A bit-slice processor, National Semiconductor created a CROM chip. The CROM function was to provide storage for the microprogram and control logic for the IMP-00A (this chip offered in separate auction). Together the CROM and IMP-00A RALU comprise a functional CPU. The IMP-16A CROM was used to implement the IMP minicomputer.

The CROM can hold 100 microinstructions. National Semiconductor created 6 CROM’s with pre-defined instruction sets for use with IMP-00A. There were IMP-4A/521 (4-bit standard instruction set), IMP-8A/520 (8-bit standard instruction set), IMP-16A/521 (16-bit standard instruction set), and IMP-16A/522 (16-bit extended instruction set). These pre-defined instructions set were influenced by the Data General Nova minicomputer.
The two CROMs not mentioned were the IMP-16A/523 and IMP-16A/524.

Each IMP-00A/520 register / arithmetic logic unit (RALU) [3] had its own 4-bit slice of the microprogram counter, the ALU, status flags (overflow, link, carry, flag), a 16-word LIFO stack, and four accumulators (two able to be used for indexing), memory address and data registers, and an input multiplexer to select ALU status and other status. The control read-only memory (CROM) stored 100 x 23-bit microinstructions, as well as program sequencing, subroutine execution, translation of microinstructions into RALU commands, and control logic for up to eight RALUs.
The ALU performed ADD, AND, OR and exclusive OR operations on true and complemented data from the registers. A shifter was provided for single bit left or right shifts and an I/O data multiplexer for communication with a 4-bit external data bus. Control was provided over a 4-bit, time-multiplexed command bus.
The various actions were sequenced at periods T1-8 defined by an ~700kHz 4-phase non-overlapping clock, see Figs.5-9. The chipset operated on +5V and -12V supplies, with two different logic levels. The clocks and signals that interfaced between the RALU and CROM were at active-low pMOS levels (logic 0 = +5V, logic 1 = -12V), while those for interface with the external system were at active-high TTL levels (logic 0 = 0V, logic 1 = +5V). The chips were packaged in ceramic (suffix J) and plastic (suffix D) 24pin DIP.

Internally there were four RALU busses: A, B, R and S. Any of the registers could output on the A or B bus. Then A (or A complemented) and B could be fed to the ALU. Additions could input carry from CSH0 and generate carry to CSH3 at T5. The ALU output on the S bus was fed to the shifter for 1-bit left or right shift (or no shift). The most or least significant shifted bits were conveyed via pins CSH0 or CSH3 at T7-8. The shifter output fed the R bus, from where registers could be updated. The multiplexer could feed the A bus from the external data bus, or feed the A or R bus to the external system.

Commands were 16-bits, multiplexed from the CROM onto the RALU’s NCB0-3 inputs during the T1, T3, T5, T7 periods in each RALU cycle (NCB0-3 had to be logic 0 at T2, T4, T6, T8). In T1 the three least-significant bits specified zero or the registers R1-7 to be output to the A bus. If in T1 NCB3 was logic 1 and NCB0-2 was zero the stack was popped onto the A bus. In T3 the three least-significant bits specified zero or the registers R1-7 to be output to the B bus. During T3 and T4 the A bus was fed to the external system, typically used for address and data output to system memory or peripherals. In T5, NCB0-1 specified ALU operations (00:AND, 01:XOR, 10:OR, 11:ADD), while NCB3-2 specified control functions (00:NOOP, 01:R control, 10:shift left, 11:shift right). In T7 the three least-significant bits specified zero or the registers R1-7 to be updated from the R bus. If in T1 NCB3 was logic 1 and in T7 NCB0-2 was zero the R bus was pushed onto the stack. If in T7 NCB3 was logic 1 the R bus was fed from the multiplexer, typically from system memory or peripheral devices. During the subsequent T1 and T2 the R bus (i.e. the result of the last operation) was fed to the external system.

Thus commands were unusually fine-grained. Although it was not explicitly stated in IMP-16 datasheets, in its pure GPC/P form the bit-slice chipset was intended as an underlying hardware (micro-machine) to be microprogrammed with a higher-level instruction set. The IMP-16A/521 CROM [4] provided a standard 16-bit instruction set and programming model (which only included the user-level program counter, status, stack and accumulators) for IMP-16 computers [5][6], see Figs.8-9. Of the RALU's registers, three were reserved for the 16-bit user-level program counter, 16-bit memory address (MAR), and 16-bit memory data (MDR). The other four registers were used as 4-bit user-level accumulators, two of which could be used as index registers (the other two had special implications for certain instructions), and the stack was used for 16-bit user-level return addresses. The microinstruction cycle was 1.4µs, several being needed to execute typical instructions. A register-to-register addition of two 16-bit numbers took 12µs, while two 16-bit numbers could be multiplied into a 32-bit result in 150µs. This standard instruction set did not support bytes, only 64k x 16-bit words. The optional IMP-16A/522 CROM II (also [4]) implemented seventeen extra instructions, including 16-bit multiply and divide, double-precision add and subtract, set/reset/test bit, and byte operations on the lower 32kB of memory. The IMP-16A/523 CROM [7] provided additional block transfer, context save & restore, stack save & restore, search, and bit-scan instructions. The purpose of the IMP-16A/524 CROM is not known.
The IMP-8A/520 CROM [8] provided an 8-bit instruction set. It assumed the address space was extended to 16-bits with an 8-bit external page-counter to hold the most-significant memory address bits. Of the RALU's registers, three were reserved: one for 8-bit memory data, and two others for the least-significant 8-bits of both the memory address and the user-level program counter (thus relative addressing could be used within the current page, but page changes had to be done indirectly via page zero). The other four registers were used as 4-bit user-level accumulators, two of which could be used as index registers, and the stack was used for user-level 8-bit relative return addresses.
The IMP-4A/521 CROM [9] and IMP-7A-540D FILU [10] were used in a specialized 4-bit system with a microprogramming tool called Field-Alterable Control Element (FACE) [11] to help designers modify the instruction set. The FILU (Four-bit Interface Logic Unit) was the interface to memory and peripherals. It added the logic needed to make the 4-bit CPU work with a 12-bit address bus, with a 12-bit memory address register, 12-bit user-level program counter, 7 x 12-bit return address stack, and an instruction register to address the CROM. Of the RALU's registers, three were reserved for 4-bit constants, the other four were used as 4-bit user-level accumulators, two of which could be used as index registers, while the stack could used for 4-bit user-level data. FACE was implemented on a board, and was connected by cable to the CROM socket of an IMP-16 board to form a writable control store.
It is not known whether any other CROMs were ever defined, despite the architecture supporting up to eight RALUs that could implement a 32-bit machine, however it appears that above 24 bits the performance was affected by propagation delays.

The IMP-16 chipset was used in several computers, mostly using the IMP-16C CPU board [12] (Figs.12-14), which consisted of the microprocessor, clock system, I/O bus drivers, 256 words of RAM and provision for 512 words of ROM/PROM. The standard 16-bit IMP-16 instruction set was implemented using 4 x IMP-00A/520 RALU plus one IMP-16A/521 CROM, with provision to add an IMP-16A/522 CROM II to provide the extended instruction set. One additional feature that was absent from the chipset was vectored interrupts (latency 4.5µs) and non-vectored interrupts (latency 35µs).
The IMP-16P computer [13] (the ‘starter kit’) added a chassis, power supplies, at least one 4k x 16-bit memory module, and teletype, tape, card-reader, printer and PROM programmer interfaces for application software development.

The IMP-16L computer [14] (Figs.15-17) chassis added a front-panel display for access to memory and registers, and usually more memory (up to a limit of 64k words). An asynchronous bus allowed fast direct memory access (DMA) by peripheral devices without the need to transit the RALUs.

The Microsystem 6600 computer [15] seems to have been not more than a ruggedised IMP-16P, but details are very scarce.

The IMP-16C was also used in the Jacquard Systems J100 small business computer [16], the Aston Martin Lagonda (it seems because National Semiconductor's chairman Peter Sprague was a major shareholder in Aston Martin [17]), and in the Seabourne Integrated Diagnostic System (SIDS) that was installed on several river and ocean going vessels.

The IMP-16 was later superseded by the PACE series of single-chip 16-bit microprocessors (see elsewhere in this catalog) [18][19][20][21][22], which had a similar architecture but were not binary compatible. 

Many thanks to Brian Coghlan for donating these items.
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Figure 1: NatSemi GPC/P and IMP-16 microprocessor with 4 x RALU and one CROM.
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Figure 2: Simplified NatSemi GPC/P and IMP-16 register / arithmetic logic unit (RALU) architecture.
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Figure 3: NatSemi GPC/P and IMP-16 control ROM (CROM) architecture.
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Figure 4: National Semiconductor GPC/P and IMP-16 RALU internal architecture in detail
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Figure 5: NatSemi IMP-16 RALU and CROM pinouts (from Hewlett-Packard).
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Figure 6: NatSemi IMP-16 RALU four-phase non-overlapping clock cycle.
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Figure 7: NatSemi IMP-16 RALU instruction cycle.
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Figure 8: NatSemi IMP-16 user-level registers (from National Semiconductor).
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Figure 9: NatSemi IMP-16 microprocessor user-level registers (from Wikipedia).
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Figure 10: Top: NatSemi IMP-16 IMP-00A/520J register / arithmetic logic unit (RALU).

Bottom: NatSemi IMP-16 IMP-16A/522J arithmetic control ROM (CROM).
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Figure 11: Top: NatSemi IMP-16 IMP-16A/521J standard control ROM (CROM).
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Figure 12: NatSemi IMP-16C computer architecture.
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Figure 13: Simplified NatSemi IMP-16C CPU board architecture.
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Figure 14: NatSemi IMP-16C CPU board.
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Figure 15: NatSemi IMP-16L computer.
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Figure 16: NatSemi IMP-16L CPU board.
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Figure 2-4. IMP-16L, CPU Modulo




Figure 17: NatSemi IMP-16L CPU board architecture.
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� 	Four Phase Systems AL1 [Apr-1969], Garret AiResearch MP944 [1970], Fairchild PPS-25 [May-1971], Texas Instruments TMX1795 [Jun/Jul-1971], Pico / General Instrument PICO1 / GI250 [1971].





