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Control, data and address buses shared by the system are accessed by three-state 
registers. The control register, as explained in section 4.1.2, supplies the non-CPU 
part of a computer system with control signals. The data bus allows the ALU to supply 
data for the rest of the system and can also be a source of data for the ALU; this 
is accomplished by using three-state registers to drive the bi-directional data bus, along 
with registers to sample the bus. The address bus uses one of the external register 
file locations to maintain a program counter, thus allowing a 32-bit address bus capable 
of addressing about four Gigawords of main memory. Using three-state drivers ·for 
this bus enables other subsystems to take control of the system buses. 

A pipeline register supplies the microsequencer and the ALU with both data and 
instructions. To get macrocode into the system, an instruction register and a mapping 
PROM are used to convert the opcode to a microprogram routine address. The 
condition code signal, used for testing various conditions, is supplied by a register­
input based PAL. PAL inputs can be fixed values or combinations of the status signals 
coming from the ALU. The read address select pins for the' AS888's internal B register 
can be sourced from the microword itself or from three nibbles of the macroword, 
to provide offsets for the N-way branches to various microcode routines. 

4.1 Designing a 32-Bit System 

A typical 32-bit system block diagram using the 'AS888 bit-slice and 'AS890 
microsequencer is shown in Figures 4-2 and 4-3. It can be broken down into two 
sections, the ALU (arithmetic logic unit) and the CCU (computer control unit). The 
ALU section performs all manipulation of data both to and from main memory, such 
as arithmetic and logical operations. The CCU section controls instruction (macrocode) 
flow and any miscellaneous control operations, such as fetching instructions or 
supplying addresses for main memory access. 

4.1 .1 Construction qf the AlU 

To cascade the four' AS888s to obtain the 32-bit arithmetic unit shown in Figure 4-4, 
the shift multiplex SIOO and 0100 terminals are connected to the SI07 and 0107 
terminals of adjacent packages, and the least significant package's signals are 
connected to the most-significant package's. Optionally, SN74ALS240 inverting gates 
can be connected to the S100-S107 terminals and the byte inputs to implement byte 
and bit control. Another chip, the SN74AS182 look-ahead carry generator, provides 
a ripple-carry function, to help system throughput. 

The design includes a 16-word register file, the SN74AS870 (see Figure 4-3).This 
allows the user to access 16 working areas for temporary data storage or address 
calculations such as indexing. In this design example, the' AS888's internal register 
file is not accessible directly by the user; it is reserved for microcode operations, such 
as address computation and temporary storage for arithmetic operations. Addressing 
the register files is permitted through the microprogram or from the macrocode 
instruction register under microcode control. 

The transfer register connected to the' AS888's Y and DB buses allows for feedback 
into the 'AS888 under microprogram control. Since the constant PROMs and the 
external register file share the A bus, they cannot be accessed at the same time. The 
transfer register enables data from the external register file to be transmitted to the 
B bus, making possible the addition of operands from the constant PROMs and the 
external register file, for example. 

Constant PROMs are also included to simplify the programming and operation of the 
ALU by supplying fixed data for various operations, such as: 



1) Clearing the system register files for initialization. This will bring the system up 
to a known state. 

2) Supplying a correction value to the offset in a branch instruction, i.e., converting 
a 16-bit offset to a true 32-bit address. 

3) Table look-up for fixed mathematical operations, such as computing sines and 
cosines. 

4.1.2 Construction of the CCU 

Sequencing and branching operations at speeds compatible with the ' AS888 are 
supplied by the ' AS890, a microprogrammed controller working as a powerful 
microsequencer (see Figure 3-1). Features of the' AS890 include: 

1) Stack capability. The 9-word stack can be accessed by using a stack pointer 
or a read pointer; the latter is designed for non-destructive dumping of the stack 
contents. 

2) Register/counter facility. Two registers, ORA and ORB, can be used for latching 
data from the external data buses or as counters for loops. A ZERO signal is 
generated when the decremented counter reaches a zero value. 

3) Interrupt control. A register for temporarily holding the return address is supplied; 
upon entering the interrupt routine, the contents of the return register must be 
pushed onto the stack for later use. 

4) Next address generation. The Y output multiplexer offers a selection of same 
or incremented address, address from ORA or ORB buses, address from stack, 
or a concatenation of ORA 13-0RA4 and B3-BO. 

A microprogram memory/pipeline register supplies the microsequencer and the rest 
of the system with instructions (see Figure 4-2). The memory might consist of ROMs, 
or it could be a writable-control store with support logic to allow loading or updating 
of the control store. For a general purpose machine with a fixed instruction set, ROMs 
would be more economic. 

Some' AS890 instructions are influenced by the CC input. Many are variations of 
branch and jump instructions. To form and supply CC, a register can be used to latch 
the state of the' AS888 and supply inputs to a PAL for decoding, based upon the 
microcode's needs. Combinatorial logic in the PAL allows multiple or single events 
to be selected or provides a fixed value of "1" or "0" for forced conditions. 

To supply the microsequencer with the proper address of the microcode-equivalent 
version of the macrocode instruction, an instruction register and mapping PROM are 
needed. Under microprogram control, the instruction register samples the data bus 
to get the macrocode instruction. The opcode portion is passed to the mapping PROM 
to form an address to the microcode routine. When the microcode is ready to jump 
to the routine, it turns off the Y bus output of the' AS890 and enables the output 
of the mapping PROM. An optional means of altering the address uses B3-BO inputs 
of the' AS890 to implement a N-way branch routine. In this method, the ten most 
significant address bits of ORA or ORA are concatenated with the B3-BO bits to supply 
an address. 

Control information is supplied to the rest of the system via the control register and 
bus. By setting various bits within the control register, information can be passed 
to other subsystems, such as memory and I/O peripherals. Bit 0 could represent the 
read/write control line while bit 1 could select memory or I/O for the read/write. Bit 2 
might function to enable interrupts and bit 3 to indicate when the system should enter 
a "wait" state for slow memory. The remaining control bits can be programmed by 
the system designer to indicate additional condition states of the "macrosystem". 
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Addressing of the register files, both the' AS888 internal and the' AS870 external, 
is done through the use of two 1-of-2 selector banks. The first bank selects address 
source; this design offers a choice for operand processing of fixed values from the 
microcode or values from the macroinstruction latched in the instruction register. The 
second bank selects the first or second operand as an address source for port 0 of 
the external register file; port 1 uses the third operand as an address source. 

It should be noted that the design presented in Figure 4-2 for the computer control 
unit is a one-level pipeline that is instruction-data based.The address and contents 
of the next instruction are being fetched while the current instruction is being executed. 
Tracing through the data flow, the following can be observed: 

1) The pipeline register contains the current instruction being executed; 
2) The ALU has just executed its instruction, and has the current status ready at 

its output pins; 
3) The status register that is attached to the ALU contains the previous instruction's 

resulting status; 
4) The contents of the next microprogram word are being fetched at the same time 

that the current instruction is being executed. 

4.2 Tracing through a 32-Bit Computer 

With the' AS888 and 'AS890 as foundation chips, the typical 32-bit supermini of 
Figures 4-2 and 4-3 can now be functionally traced. First, note that the data of the 
main program is handled separately from that of the microcode - each on its own 
bus. The system is initialized by setting the "clear" signal high - this causes a forced 
jump to the beginning of the microcode memory. Instructions carried out by the 
microcode at this point might run system diagnostics, clear all registers throughout 
the' AS888-based system, and set up the initial macrocode program address. In this 
design, the first program address to fetch an instruction from main memory comes 
from a fixed value in the microcode memory; it is possible to allow the address to 
be retrieved from a permanent location in main memory or from either a front panel 
or console, by modifying the microcode program slightly. 

Table 4-1 illustrates the microcode format for this design. Note that it contains control 
signals for all chips involved in the design. Some of these, such as TRANSLATCH 
and MARLATCH, are used with the system clock to provide controlled loading of the 
various holding registers. Others supply necessary addressing information, directing 
input from either the main data bus or from the microcode word itself. 

The FETCH routine is shown in functional, assembler and microcoded forms in Tables 
4-2, 4-3 and 4-4. First, the program counter is read from the external register file 
and stored into the memory address register. After the program counter is placed on 
the address bus, the program counter is updated and stored while the data from 
memory is allowed to settle down to a stable condition. The data is then latched in 
both the instruction register and data-in register. 

The opcode field of the instruction register is passed through the mapping PROM to 
convert the opcode to an equivalent microcode routine address. When YOE is forced 
high by the microcode, the 'AS890 is tri-stated from the Y bus, and the mapping 
PROM's output is taken out of the tri-state mode to supply an address to the control 
store (microprogram memory); a forced jump is made to the microcode routine to 
perform the instruction. 

After the routine is complete, a jump is made back to the FETCH routine using the 
next-address supplied by the microprogram. It is up to the system 
designer/programmer to make sure that all system housekeeping is performed so that 
nothing causes a fatal endless loop. 
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Table 4-1. Microcode Definition 

MICROCODE 
PIN NAME INPUT TO FUNCTION 

FIELD 

0-13 DRA13-DRAO 'AS890 Used for next-address branches 

14-27 DRB13-DRBO 'AS890 Used for loading counter 

28-30 RC2-RCO 'AS890 Register/counter controls 

31-33 S2-S0 'AS890' Stack control 

34-36 MUX2-MUXO 'AS890 MUX control of V output bus 

37 INT 'AS890 Interrupt control 

38 RAOE . 'AS890 Enables DRA output 

39 RBOE 'AS890 Enables DRB output 

40 OSEL 'AS890 Mux control for DRA source 

41 INC 'AS890 hlcrementer control 

42 VOE :.\S890 Enables V output bus 

43-50 17-10 'AS888 Instruction inputs 

51 OEA 'AS888 DA bus enable 

52 EA 'AS888 ALU input operand select 

53 OEB 'AS888 DB bus enable 

54 OEV 'AS888 V bus output enable 

55 SELV 'AS888 V bus select 

56--57 EB1-EBO 'AS888 ALU input operand selects 

58 WE 'AS888 Register file write enable 

59 MAP PROM Enables mapping PROM to 'AS890 V bus 

60 iR Latch Latches data bus to instruction register 

61 CR Latch Latches control data to bus 

62-69 CTRL7-CTRLO Latch Data for control latch 

70-71 BSEL 1-BSELO Multiplexer Selects data for 'AS890 

72-75 B3-BO MUltiplexer Microcode data to switch 

76 CONDCD Latch Controls latch of 'AS888 status 

77-80 SELC3-SELCO PAL Selects combination of 'AS888 status 

81 DTALATCHI Latch Controls latching of data-in 

82 DTAIN Latch Enables data-in output to bus 

83 DTALATCHO Latch Controls latching of data-out 

84 DTAOUT Latch Enables data-out output to DB bus 

85 MAR LATCH Latch Controls latching of address 

86 MAR Latch Enables MAR output to address bus 

87 CONSTPROM PROM Enables PROM to DA bus 

88-99 A11-AO PROM Address of constant in PROM 

100 SWITCH2 Multiplexer Selects microcode or Instruction Register data 
101 SWITCH1 Multiplexer Selects microcode or Instruction Register data 

102-105 A3-AO Multiplexer Register file address ('AS888) 

106--109 B3-BO Multiplexer Register file address (,AS888) 

110-113 C3-CO Multiplexer Register file address ('AS888) 

114 REGUWR Register File Port 0 write enable 

115 REGLWR Register File Port 1 write enable 

116 REGU Register File Chip .enable on port 0 

117 REGL Register File Chip enable on port 1 

118 TRANSLATCH Latch Controls latch between V and DB bus 

119 TRANS Latch Enables output to DB bus 

120 SELCN2 MUltiplexer Supplies carry input to 'AS888 

121 SELCN1 Multiplexer Supplies carry input to 'AS888 

122 REGUB Multiplexer Selects address for external register file 

123-126 BVTE3 - BVTEO Three-state Enables data for byte/bit operations 
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Table 4-2. Functional Listing of Fetch 

FETCH: MAR = PC, Enable MAR output 

PC = PC + 1 

IR = DIR = data bus, Disable 'AS890 Y bus, 

Enable mapping PROM to Y bus 

Table 4-3. Assembler Listing of Fetch 

FETCH: OP890 ",111,10;INC; 

OP888 NOP.GROUP5,10",1111; 

OEY;SELY; 

CR;CTRL 00000011; 

SELC 01; 

MARLATCH;MAR; 

SWITCH OO;REGL; 

TRANSLATCH 

OP890 ",111,10;INC; 

OP888 PASS,INCS,00",1111; 

OEB;OEY; 

SELC 01; 

MAR; 

REGLWR;REGL; 

TRANS; 

SELCN 01 

OP890 ",111,10; 

OP888 NOP.GROUP5,10; 

MAP; 

IR; 

SELC 01 

DTALATCHI; 

MAR 

Key to Table 4-3 

OP888 a,b,c,d,e,f 

where: 

upper bits of instruction, 17-14 

b lower bits of instruction, 13-10 

c = value of EB1-EBO 

d A address of register files 

B address of register files 

C address of register files 

Set 'AS890 for continue 

Perform NOP and read external register 15 

Enable Y bus output 

Generate external control bus signals 

Select fixed CC value to 'AS890 

Latch value on Y bus and enable output 

Select address source and enable port 

Latch Y bus for transfer to B bus 

Set 'AS890 for continue 

Increment program counter 

Enable Y bus output 

Select fixed CC value to 'AS890 

Output address to address bus 

Update program counter in register file 

Enable transfer latch output to B bus 

Select, carrv input to LSP to be "1" 

Set 'AS890 for continue 

Perform NOP 

Enable mapping PROM to 'AS890 Y bus 

Latch data bus to get macro level code 

Select fixed CC value to 'AS890 

Put data bus also in data register 

Output address to address bus 

OP890 V,W,X,V,Z 

where: 

v ORA value, 14-bits 

w ORB value, 14-bits 

x RC2-RCO 

V S2-S0 

MUX2-MUXO 
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4.3 Defining the Macrocode Instruction Format 

Since this is a 32-bit design, a variety of instruction formats are available. The size 
of the opcode, along with the types of addressing used, will affect both system size 
and performance. The formats shown in Table 4-5 will be used for discussion. 

All Table 4-5 formats have an opcode field of 11 bits and source/destination fields 
of 7 bits; the first three bits of the latter designate the address type, and the remaining 
four bits are used for register access. The opcode length allows 2,048 macrocoded 
instructions to be mapped to equivalent microcoded routines. The address fields can 
specify any of the following modes: register, relative, autoincrement/autodecrement, 
indexed, absolute, and deferred. The offset used in the Type 0 instruction can be used 
for branch-based instructions, for an offset range of ± 32727. 

Table 4-5. Possible Instruction Formats 

TYPE 0 - OPCODE + 16·BIT OFFSET 

0-10 

Opcode 

11-15 

Not Used 

TYPE 1 - OPCODE + DESTINATION 

0-10 

Opcode 

11-24 

Not used 

TYPE 2 - OPCODE + SOURCE + DESTINATION 

0-10 

Opcode 

11-17 

Not used 

16-31 

Offset 

18- 24 

Source 

TYPE 3 - OPCODE + SOURCE1 + SOURCE2 + DESTINATION 

0-10 

Opcode 

4.4 Tracing a Macrocode Instruction 

11-17 

Source 

18-24 

Source 

25-31 

Destination 

25-31 

Destination 

25-31 

Destination 

Microcode for a Type 3 multiplication instruction is shown in Table 4-6, using the 
following assumptions: 

1) Code for retrieving the operands will not be shown. Jumps will be made to 
routines that will place the temporary operands into internal register locations 
2 and 3 of the' AS888, after being fetched from main memory. 

2) A jump to a routine to store the product in the destination will be handled similarly. 
3) Multiplication will be unsigned; the result will be placed in two temporary 

locations of the' AS888. 
4) An update to the program status word, which the user can access at the macro-

code level must also be performed, but is not shown. 

Assembler code is shown in Table 4-7; a microcode listing is given in Table 4-8. The 
first two lines of microcode are subroutine jumps to opcode fetching routines, which 
store the operands in register files 2 and 3 in the' AS888. The next two instructions 
load up the' AS890 with a counter constant for performing the mUltiply loop, load 
the MQ register of the ' AS888 with the multiplier and clear the register that is 
temporarily used for the accumulator. 
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Table 4-6. Functional Listing of Multiply 

UMULl3: 

JUMPSUB SOURCE1 

JUMPSUB SOURCE2, 

BCOUNT=32 

REG 9=0 

MQ=REG 2 

LOOP: 
UMULI WITH REG 3 

DECREMENT BCOUNT, 

BRANCH TO LOOP IF NOT ZERO, 

LATCH 'AS888 STATUS, 

REG 9=ALU 

REG 8=MQ 

JUMPSUB STORPSW 

JUMPSUB MDEST 

JUMP FETCH 

Get first operand 

Get second operand 

Load DB counter register 

Clear temporary accumulator 

Load multiplier 

Issue the mUltiply 

Decrement the DB counter 

Loop back until done 

Store 'AS888 flags 

Store intermediate result 

Store intermediate result 

Update macro program status 

Store result at destination 

Get next instruction 

A loop is then entered to perform the multiply instruction 32 times to form the product, 
with the multiplicand coming from the internal register file of the' AS888. Upon exiting 
the loop, the MQ register is stored in a temporary register location in the' AS888. 
The MQ register now contains the least-significant bits of the result and the temporary 
accumulator the most significant bits. A subroutine jump is made to the program status 
word update routine; this will take the status flags of the last multiplication iteration 
and change the macrolevel status word. The next subroutine jump is to a destination 
routine, which is followed by a branch to the FETCH routine to get the next macro 
instruction to be executed. 

4.5 System Enhancements 

The above example provides a broad overview of 32-bit system design using the 
'AS888 and' AS890. Certain additional options may enhance system performance. 
These include: 

1) Status latching. The design does not take into account changes that need to 
be examined at the micro level while retaining macrolevel status information. One 
solution would be to include another register in parallel to the status latch and 
provide control to choose between the two to form the condition code value. 

2) Interrupts. To efficiently use a computer system, interrupts are used to alter 
program flow in the case of I/O programming and real-time applications (involving 
hardware timers). To include this capability, external hardware must be included 
and the microcode modified accordingly. Information on interrupt implementation 
is given in section 3. 

3) Control store. One way of implementing microprogram memory is to use a ROM­
based design. It is becoming more common to design a writable control store, 
a completely RAM-based or part RAM, part ROM storage system, that can be 
altered by system operation, such as initialization from a floppy disk subsystem, 
or by the user to optimize or implement new macrolevel instructions. The cost 
of implementation must be weighed with the risks involved in changing 
instructions which may not be supported by other sites. 

4) Instruction word definitions. Changing the instruction word definitions will have 
an effect on both system design and performance. Removing Type 3 instructions 
from the design, for example, will have an effect on both hardware and software: 
the external register file addressing must be changed and the 1,-of-2 selector 



Table 4-7. Assembler Code of Multiply 

UMULl3: 
OP890 SOURCE1 ... ll0.ll0; 

INC;YOE; 

OP888 NOP;GROUP5; 

SELC 0001; 

Perform a subroutine branch 

Increment address and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

MAR Maintain address on main address buss 
~ 

OP890 SOURCE2.00000000l00000.ll0.ll0.ll0; Perform subroutine branch and load B 

INC;YOE; 

OP888 NOP.GROUP5; 

SELC 0001; 

MAR 

OP890 ... 111.110; 
INC;YOE; 

OP888 CLEAR.GROUP5 .... 1 001; 

WE; 

SELC 0001; 

MAR 

OP890 LOOP. .. lll.ll0; 

INC;YOE; 

OP888 LOADMO.INCS ... 0010; 

MAR 

LOOP: 

OP890 LOOP..l0l.111.100; 

INC;YOE; 

OP888 UMULI.GROUP4.01.0011 .. 1001; 

WE; 

MAR 

OP890 ... 111.110; 

INC;YOE; 

OP888 PASS.INCS .... l000; 

WE; 

MAR 

OP890 STORPSW ... ll0.ll0; 

INC;YOE; 

OP888 NOP.GROUP5; 

SELC 0001; 

MAR 

OP890 FETCH ... lll; 

INC;YOE; 

OP888 NOP.GROUP5; 

SELC 0001 

Key to Table 4-7. 

OP888 a.b.c.d.e,f 

where: 

upper bits of instruction. 17-14 

b lower bits of instruction. 13-10 

value of EB1-EBO 

d A address of register files 

e = B address of register files 

C address of register files 

counter 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Zero out register file accumulator 

Enable writing to register file 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address buss 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Load MO register with S + Cn. from external 

register file 

Maintain address on main address bus 

Decrement B and loop til ZERO = 1 

Increment microaddress and enable Y bus 

Perform unsigned multiply on accumulator 

Update register file accu~ulator 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Put S + Cn in temporarv register file 

Allow updating of register file 

Maintain address on main address bus 

Perform a subroutine branch 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" for set up • AS890 continue 

Maintain address on main address bus 

Perform a branch to FETCH routine 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" for' AS890 cOl)tinue 

OP890 v.W.x.v.z 

where: 

v = DRA value. 14-bits 

w DRB value. 14-bits 

x RC2-RCO 

v S2-S0 

MUX2-MUXO 
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removed. Likewise, changing the opcode length may restrict the instruction 
address capability and also cause either an increase or decrease in the microcode 
size. 

5) Dynamic memory access (DMA). The above system does not support dynamic 
memory access. To include this function requires a change in the address output 
control, along with support circuitry for the type of DMA selected. Some error 
detection and correction logic for main memory might also be included. 

6) Computer control unit. The design presented here shows a one-level pipeline 
architecture that is instruction-data based. System throughput may be increased 
by converting to a pipeline of greater depth, or using another variety of one­
level pipeline, such as instruction-address based or address-data based. Care 
must be taken when increasing the size of the pipeline, especially when handling 
branch/jump situations. The reader is advised to carefully research this area 
before implementing any design. 

4.6 Timing and System Throughput 

A critical path analysis was undertaken to determine the maximum clock rate for the 
proposed system. The longest delay path is the multiplication data path, which involves 
the internal register file and the shift function ofthe' AS888. Table 4-9 contains the critical 
delay calculations for both the ALU and CCU. Since both portions ofthe system must be 
satisfied, a clock rate of 90 ns was selected for the following comparisons. 

4.6.1 Fetch Analysis 

4.6.2 

Most microprocessors perform an instruction fetch in a pipeline mode; the next 
instruction is fetched while the current instruction is executing. The fetch code shown 
earlier requires a minimum of four cycles: three to issue the code and one to break 
the pipeline for processing the branch. This results in a total time of 360 ns, based 
on a 90 ns cycle time. Fetch times for the representative microprocessors have been 
estimated from data books and are shown in Table 4-10; wait states for slow memory 
are not included. As can be seen from the table, the 'AS888 design example is 
estimated to run from 1.1 to 2.1 times faster than the 16-bit microprocessors. 

Multiplication Analysis 

This analysis assumes that multiplication is unsigned integer and register to register 
based. No account is taken of time needed for instruction fetch or operand fetch or 
store. 

The basic loop for the mUltiply takes 35 cycles: 2 for accumulator and multiplier set 
up, 32 for actual multiply loop and 1 to store the least-significant bits in an internal 
register file. Given a cycle time of 90 ns, a 32 by 32 bit mUltiplication can be 
implemented in 2.275 microseconds. A 16-bit multiply requires 16 iterations of the 
inner loop; both timings are included in Table 4-11 for comparison. Values for the 
16-bit multiplies of the representative microprocessors have been estimated from data 
books. 

As shown in Table 4-11, the 16 by 16 multiply can be performed with the' AS888 
at a faster rate than the 16-bit microprocessors. Even comparing the 32 by 32 multiply 
of the application design, one can see that the' AS888 based system has a better 
macroinstruction execution speed. Using the' AS888 and' AS890 in a system design 
will allow high throughput and permit a flexible architecture. 
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Table 4-9. Critical Delay Path Analysis 

CONTROL PATH DATA PATH 

Pipeline Reg. Clock to Output 9 'AS888-1 Clock to Cn 46 

MUX Select to Output 13 'AS182 Cn to Cn+ z 5 
'AS890-1 CC to Output 25 'AS888-1 Cn to SIO 25 

PROM Access Time 20 'AS888-1 SIO to Y 11 
Pipeline Reg. Setup Time -1 90 ns 

69 ns 

Table 4-10. Fetch Timing Comparison 

'AS888 

FETCH 32-81T Z8001 8086·1 80286 68000L 

Data width 32 16 16 16 16 

No. of cycles 4 3 4 4 4 

Clock rate 11.11 MHz 4 MHz 10 MHz 10 MHz 8 MHz 

Total time 360 ns 750 ns 400 ns 400 ns 600 ns 

Table 4-11. MUltiply Timing Comparison 

'AS888 'AS888 

MULTIPLY 32·81T 16-81T Z8001 8086-1 80286 68000L 

Size 32 x 32 16 x 16 16 x 16 16 x 16 16 x 16 16 x 16 

No. of cycles 35 19 70 128 21 ,,;:::74 

Clock rate 11.11 MHz 10.98 MHz 4 MHz 10 MHz 10 MHz 8 MHz 

Total time 3.15011s 1.729 I1S 17.511S 12.811S 2.1 115 - ";:::9.25I1s 
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5" Floating-Point System Design 
Bit-slice processor architecture addresses the problem of optimizing system 
performance while allowing the user to balance hardware complexity against software 
flexibility. Bit-slice systems usually operate at or near the speed of the most primitive 
of programmable processors, the PROM state sequencer. Of course, bit-slice 
architecture incorporates circuitry dedicated not only to sequencing, but also data 
processing (ALU) operations. In keeping with the trend of these programmable devices 
to track the speed of fast discrete hardware, the' AS888 8-bit sliceALU and' AS890 
microsequencer have been produced in Advanced Schottky bipolar technology. In 
addition to sheer speed, the components feature greater density (2 micron geometry) 
for greater functionality (more special purpose circuitry on board). The impact will 
be faster, more powerful systems in applications which previously pushed the limits 
of bit-slice processors. 

Consider an application in which bit-slice architecture has dominated for years: CPU 
design. The microprogrammed CPU itself spans a spectrum of uses ranging from 
general purpose minicomputers to compact airborne computers. A specific example 
which illustrates various facets of design using the' AS888 and' AS890 is a CPU with 
a floating-point utility to compute sin(x). 

The design process can be subject to many influences, including personal preference, 
available development tools, peculiarities of the application, and constraints from the 
user, customer or manufacturing environment. No hard and fast design rules could 
be applied universally, but most designers will start with a specific plan in mind. 

The goal of this example is to produce the hardware and microprogram which will 
implement the sin (x) function in floating-point arithmetic. Before the microprogram 
can be assembled, the hardware must be defined since the fields of the 
microinstruction are dedicated to specific hardware once the microinstruction register 
is hardwired to the devices it controls. Since the final architecture chosen depends 
on tradeoffs between implementing certain operations in hardware or software, critical 
applications will require that a cursory analysis of the software be made before 
the hardware is cast in concrete. Attempting to develop microcode for a tentative 
architecture will force the issue on which operations are better suited for hardware. 
Before the architecture or the microprogram requirements can be known, the 
algorithms which describe the application processes must be defined. Once an 
algorithm is formulated it can be broken down into operations involving variable and 
constant quantities. The variables can be assigned to registers and then the algorithm 
can be translated into a microprogram. The following steps illustrate the plan for this 
CPU design example incorporating a floating-point sin (x) utility: 

Step 1: Choose a floating-point number system 
Step 2: Choose an algorithm for approximating sin (x) 
Step 3: Make' AS888 register assignments 
Step 4: Substitute registers for variables in the algorithm 
Step 5: Decompose steps of the algorithm into simple operations 
Step 6: Translate into' AS888/890 operations; identify subroutines 
Step 7: Translate subroutines into' AS888/890 operations 
Step 8: Evaluate tradeoffs and block diagram the hardware 
Step 9: Define microinstruction fields during detailed hardware design 
Step 10: Assemble the microprogram 
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5.1 Choose a Floating-Point Number System 

An IEEE floating-point format will be chosen for this example for portability of data 
arid software. It is important to note that the IEEE defines many standards in arithmetic 
processing, but for simplicity this example will encompass only number format. 
Furthermore, while several formats are IEEE compatible, only the basic single-precision 
format will be considered. 

The IEEE basic single-precision format is defined as a 32-bit representation in which 
the component fields are a 1-bit sign 5, an 8-bit biased exponent e and a 23-bit fraction 
f which are assembled in the foilowing order: 

15 I e 

31 0 

The quantity is evaluated as (- 1)S 2 e - 127 (1.f). Not-a-number, zero and infinity 
have special representations. The one preceding the binary point is implied and is called 
the implicit one or implicit bit. It coincides with the fact that the digits are normalized 
(left justified). 

5.2 Choose an Algorithm for Sin (x) 

Many algorithms are discussed in the literature for approximating useful quantities 
like sin(x). Literature research is a good place to start to familiarize oneself with various 
algorithms and tradeoffs for a particlar application. Computer simulation is also useful 
to compare algorithms for speed and accuracy. R.F. Ruckdeschel in BASIC Scientific 
Subroutines, Vol. 1 (BYTE, McGraw-Hili Publications Co. New York, N. Y., 1981, pp. 
159 -191 discusses tradeoffs and provides a simulation in BASIC for a sin (x) 
algorithm. An adaptation of this material has been chosen for this example: 

A) Reduce angle range to first quadrant. (0 :5 X :5 7r/2) 

6 
B) Compute sin (x) == I; Anx2n - 1. The coefficients are: 

n=O 

Coefficient Decimal 

1.000000 
-0.1666667 

0.008333333 
- 0.0001984127 

0.000002755760 
- 0.00000002507060 

0.0000000001641060 

IEEE hex 

3F80 0000 
BE2A AAAD 
3C088888 
B9500D01 
3638 EF99 
B2D75AD5 
2F346FBC 



The algorithm can be implemented in the following steps: 

A) Reduce angle range to first quadrant. (0 ::; x ::; 7r/2) 

1) SIGN = SGN(x) 
2) ABSX = Ilxll 
3) XNEW = ABSX - 27r x INT(ABSX/27r) 
4) If XNEW > 7r then SIGN = - SIGN and XNEW 
5) If XNEW > 7r/2 then XNEW = 7r - XNEW 

where 
SGN(x) = {+ 1 .if x 2:: 0 

-1 If x < 0 

INT(x) = integer function 

6 
B) Compute sin(x) == E An x2n - 1 . 

n=O 

1) Let XSOR = XNEW2; INITIALIZE SINX = 0 
2) Do i = 6 to 1 step - 1 

SI!'JX = XSOR x SINX + A(i) 
Enddo 

3) SINX = SIGN x XNEW x SINX 

XNEW -7r 

Step B-2 computes the summation in a geometric series for economy. The major 
difference between steps A and B is that A requires more diverse ALU operations 
while B uses only multiplication and addition recursively. 

5.3 Make' AS888 Register Assignments 

Just as in assembly language programming, registers must be allocated for variables. 
Using Rn to denote the' AS888 register whose address is n, where 0 ::; n ::; F (hex), 
the following register assignments can be made: 

RO X 
R1 SIGN 
R2 ABSX 
R3 XNEW 
R4 XSOR 
R5 SINX 

The following constants can also be defined: 

Constant Decimal IEEE hex 
PI = 7r 3.141593 40590FDB 
PIOVR2 = 7r/2 1.570797 3FC90FDB 
2PI =27r 6.283185 40C90FDB 
10VR2PI = 1/27r 0.159155 3E22 F981 
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5.4 Substitute Registers for Variables in the Algorithm 

Now the algorithm can be rewritten with registers replacing variables: 

A) Reduce angle range to first quadrant (0 :5 X :5 7r/2). 
1) R1 SGN(RO) 
2) R2 = IIROII 
3) R3 = R2 - 27r x INT(R2/27r) 
4) If R3> 7r then R1 = -R1; R3 R3 - 7r 
5) If R3 > 7r/2 then R3 = 7r - R3 

6 
B) Compute sin (x) == 1: An x2n - 1 . 

n=O 

1) Let R4 = R02; INITIALIZE R5 = 0 
2) Do i = 6 to 1 step - 1 

R5 = R4 x R5 + A(i) 
Enddo 

3) R5 = R1 X RO X R5 

Since various references to constants are made, it is probably best to load constants 
as needed rather than attempt to allocate registers for them. Constants can be loaded 
from a constant field in the microinstruction or from ROM. The tradeoff is 32 bits 
by 16K of micromemory versus 32 bits by the number of constants (typically less 
than 16K)~ For this example, it will be assumed that a constant field in the 
microinstruction is acceptable. 

5.5 Decompose Steps in the Algorithm into Simple Operations 

The sin (x) function can be microprogrammed as a subroutine; let FSIN be its entry 
address. RO would be loaded with x before FSIN were called. Upon return, R5 would 
contain sin(x). Now decompose the steps in the algorithm into simple arithmetic and 
logical operations. Other operations can be left as functions to be defined later. 

FSIN: SUBROUTINE 

A) Reduce angle range to first quadrant. (0 :5 X :5 7r/2) 

R1 SGN(RO) 

R2 ABS(RO) 

R3 R2 * 10VR2PI 
R3 INT(R3) 
R3 R3 * 2PI 
R3 R2 - R3 

Y = R3 - PI 
Jump if Negative to Step A-5 
R1 -R1 
R3 = R3 - PI 

Y = PIOVR2 - R3 
Jump if Negative to Step B-1 
R3 = PI - R3 

.' 

1) Let R1 = Sign of RO 

2) R2 IIROII 

3) R3 R2 - 27r * INT(R2/27r) 

4) If R3 > 7r, 

then R 1 = - R 1 ; 
R3 = R3 - 7r 

5) If R3 > 7r/2 
then R3 = 7r - R3 



B) Compute sin (x) 

R4 
R5 

RO * RO 
o 

6 
I: An x2n-1 

n=O 

1) Let R4 R02. Let R5 

2) Do i = 6 to 1 step - 1 
R5 = R4 x R5 + A(i) 

Enddo 

(To implement a loop, 
use an 'AS890 counter 

o 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

R4 * R5 
R5 + A6 
R4 * R5 
R5 + A5 
R4 * R5 
R5 + A4 
R4 * R5 
R5 + A3 
R4 * R5 
R5 + A2 
R4 * R5 
R5 + A1 
R4 * R5 
R5 + AO 

to index a memory containing 
the constants.) 

R5 
R5 

RO * R5 
R5 * R1 : RETURN 

END SUBROUTINE 

3) R5 R1 x RO x R5 

5.6 Translate into' AS888/890 Instructions; Identify Subroutines 

The simplified steps of the algorithm can be represented fairly easily as 'AS888/890 
instructions. Necessary functions (and suggested names) can be identified by 
inspection as: 

1) FMUL - Floating-point multiplication 
2) FADD - Floating-point addition 
3) FINT Floating-point integer conversion 
4) FINV - Floating-point additive inverse (to subtract using FADD) 
5) FABS - Floating-point absolute value 
6) FSGN - Floating-point sign test 
7) FCHS - Floating-point change of sign (to multiply by SIGN) 

"Function" in this context refers to a special operation regardless of how it is coded. 
In fact, FMUL and FADD are fairly complex and require detailed explanation. FINV, 
FABS, FSGN and FCHS are single instruction operations that mask or mask and test. 
FINT requires several inline instructions or a subroutine and will be left to the interested 
reader as an exercise. Now the steps of the algorithm can be translated into 
'AS888/890 operations which include references to these functions. 
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FSIN: SUBROUTINE 

; A) Reduce angle range to first quadrant. (0 :5 X :5 7r/2) 

R1 FSGN(RO) ; Get sign bit (MSB) 
R2 FABS(RO) ; Take absolute value (clear MSB) 
R3 FMUL(R2,1 OVR2PI) ; Multiply register and constant 
R3 FINT(R3) ; Floating-point integer conversion 
R3 FMUL(R3,2PI) ; Multiply register and constant 
R3 FADD(R2,INV(R3)) ; Subtract registers by adding inverse 
Y = FADD(R3,NEGPI) : TEST NEG; Subtract by adding negative constant 
JT SIN1 ; Jump if true (jump if negative) 
R1 = FINV(R1) ; Complement sign of R1 
R3 = FADD(R3,NEGPI) ; Subtract by adding negative constant 

SIN 1: Y = PIOVR2 - R3 : TEST NEG ; Subtract to compare (don't store) 
JT SIN2 ; Jump if true (jump if negative) 
R3 = FADD(PI,FINV(R3)) ; Subtract by adding negative register 

6 
; B) Compute sin (x) :::: t An x2n - 1 

n=O 

SIN2: R4 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

FMUL(RO,RO) 
A6 
FMUL(R4,R5) 
FADD(R5.A5) 
FMUL(R4,R5) 
FADD(R5.A4) 
FMUL(R4,R5) 
FADD(R5.A3) 
FMUL(R4,R5) 
FADD(R5,A2) 
FMUL(R4,R5) 
FADD(R5.A 1) 
FMUL(R4,R5) 
FADD(R5,AO) 
FMUL(RO,R5) 
FCHS(R5,R1) : RETURN 

END SUBROUTINE 

; Square by mUltiplying 
; Initialize series 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Change MSB of R5 to MSB of R1 

This contrived language has a syntax which may be suitable for a source program. 
For the sake of illustration, it can be assumed that the microassembler recognizes 
this particular syntax. The series was computed inline instead of using a loop since 
it is relatively short. If a loop were used, a means of indexing the constants would 
be required. 

5.7 Expand Subroutines into ' AS888/890 Operations 

FMUL and FADD algorithms can now be expanded. Since they are called extensively 
from FSIN, they are more critical to the efficiency of the final design. Wherever 
possible, it is desirable to reduce the execution time of both in order to maintain 
efficiency. 



5.7.1 Floating-Point Multiplication 

Let M 1 be the multiplier and M2 be the multiplicand whose product is P. Let the sign, 
exponent and fraction fields of their IEEE representation be: 

Ml : IS11El1F11 
M2: IS21E21F21 

P: IS31E31F31 

P is found by multiplying mantissas (fraction plus implicit one) and adding exponents. 
Since Ml and M2 are normalized, the range of 1.Fl x 1.F2 is 

1.00 ... 0 $ 1.Fl x 1.F2 $ 11.1 ... 10 

The implicit bit may" overflow" into bit position 24. This type of overflow must be 
detected so that the result can be normalized. Normalization requires right shifting 
the result of 1.Fl x 1 .F2 and incrementing E3. The implicit bit is then cleared when 
S3, E3 and M3 are packed to form P. The floating-point multiplication algorithm may 
then be defined as follows: 

1) Unpack M1 into signed fraction (SF1) and exponent (El) 
2) Set the implicit bit in SFl 
3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
4) Set the implicit bit in SF2 
5) Perform SF3 == SF1 x SF2 using signed integer multiplication 
6) Perform E3 == El + E2 
7) Test SF3 for overflow into bit 24 
8) If true, then increment E3 and right shift SF3 
9) Clear the implicit bit in SF3 

10) Pack E3.and SF3 to get P 

As before, the steps of this algorithm can be broken down into simpler operations: 

1 ) Unpack M 1 into signed fraction (SF1) and exponent (El) 
El == FEXP(Ml) 
SFl == FRAC(Ml) 

2) Set the implicit bit in SFl 
SFl == SFl OR 81T23 

3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
E2 == FEXP (M2) 
SF2 == FRAC (M2) 

4) Set the implicit bit in SF2 
SF2 == SF2 OR 81T23 

5) Perform SF3 == SFl x SF2 using signed integer multiplication 
SF3 == IMUL (SF1, SF2) 

6) Perform E3 == E 1 + E2 
E3 == E1 + E2 

7) Test SF3 for overflow into bit 24 
TEST (SF3 AND 81T24) 
JUMP IF FALSE to step 9 

8) If true, then increment E3 and right shift SF3 
INC E3 
SF3 == RSHFT (SF3) 
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9) Clear the implicit bit in SF3. 
SF3 = SF3 AND NOT _ BIT23 

10) Pack E3 and SF3 to get P 
P = SF3 OR E3 

FEXP, FRAC, testing bit 24 and setting/clearing bit 23 are all mask operations that 
translate into single' AS888 instructions. The integer multiplication (IMULl is simply 
the multiplication algorithm supported by the' AS888 instruction set. No significant 
hardware features are required to do floating-point multiplication, nor are any 
subroutines required to support it. 

Register assignments can now be made as before. Since FSIN uses registers in the 
lower half of the register file, it might be preferable to restrict FMUL to the upper 
registers. For example: 

RF = P 
RE = M1, F1, SF1 
RD = M2, F2, SF2 
RC = E1 
RB = E2 

RE and RD can share variables that need not be preserved. Using this assignment, 
FMUL computes RF = FMUL(RE,RD). RE and RD must be loaded prior tocalling FMUL 
and RF must be stored upon return. By substituting registers for variables and 
reorganizing operations in the FMUL algorithm to better fit' AS888/890 operations 
the following source program may be created: 

FMUL: SUBROUTINE 

RC = FEXP(RE) 
RE = FRAC(RE) 
RE = RE OR BIT23 
MQ = SMTC(RE) 

RB = FEXP(RD) 
RD FMAG(RD) 
RD = RD OR BIT23 
RD = SMTC(RD) 

; Unpack M 1 into exponent 
; and fraction 
; Set implicit bit 
; Prepare to mUltiply 

; Unpack M2 into exponent 
; and fraction 
; Set implicit bit 
; Prepare to multiply 

RE 0 : RCA = # 22d ; Initialize to multiply 
RE = SMUll RD : LOOP RCA ; Integer multiplication iteration 
RE = SMUL T RD ; Final step in signed multiply 
Y = TBO(RE,BIT1 ):BYTE = # 01 OOb:TEST Z ; Test "overflow" 
JF FMUL 1 ; Jump if false (exponent ok) 

INEX(RC) 
RE = SRA(RE) 

FMUL 1 :RC = RC + RB : TEST CARRY 
JT ERROR 

RE 
RE 
RF 

SMTC(RE) 
RE AND #807F_FFFFh 
RE OR RC : RETURN 

; Increment exponent: add 00800000 
; Shift fraction to normalize 

; Add exponents and test carry 
; Jump if carry true to handler 

; Get sign magnitude fraction 
; Clear implicit bit 
; Pack fraction and exponent 



5.7.2 Floating-Point Addition 

The floating~point addition algorithm (FADD) is slightly more complex than FMUL, since 
the two addends will usually not have the same exponent. Therefore the smaller 
(absolute value) addend must first be chosen by comparing exponents. Then it must 
be denormalized to align its digits with the digits of the larger addend. In other words, 
the two addends must have the same exponent before their fractions can be added. 
This process can be described by the following algorithm: 

1) Unpack A 1 to get SF1 and E 1 
2) Set implicit bit in SF1 
3) Unpack A2 to get SF2 and E2 
4) Set implicit bit in SF2 
5) If E2 > E1 then go to step 9 

( II A 1 II :5 II A211 ) 
6) Let DIFF = E1 - E2 
7) Do i = 1 to DIFF 

SF2 = RSHFT(SF2) (Arithmetic right shift) 
Enddo 

8) Let E3 = E1 , go to step 12 
(1IA211> IIA111) 

9) Let DIFF = E2 - E1 
10) Do i = 1 to DIFF 

SF1 = RSHFT(SF1) (Arithmetic right shift) 
Enddo 

11) Let E3 = E2 
12) SF3 = SF1 + SF2 
13) Test "overflow" into bit 24 
14) Jump if false to step 17 
15) Increment exponent E3 
16) Normalize signed fraction with right arithmetic shift 
17) Clear implicit bit 
18) Pack: SUM = SF3 or E3 
19) Return 

Register assignments for variables must now be made. Since FSIN uses registers in 
the lower half of the' AS888 register file, it is necessary to use the upper registers: 

RF = SUM 
RE=A1,F1,SF1 
RD = A2, F2, SF2 
RC = E1 
RB = E2 

By slightly reorganizing the sequence to better fit 'AS888/890 operations, the 
following microprogram to perform FADD can be created: 

FADD: SUBROUTINE 

; 1) Unpack A 1 to get SF1 and E1 
RC = FEXP(RE) 
RE = FRAC(RE) 

2) Set implicit bit in SF1 
MQ = RE OR BIT23 
RE = SMTC(RE) 

; Get exponent (E1) 
; Get signed fraction (SF 1 ) 

; Set implicit bit 
; Convert to two's complement 
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3) Unpack A2 to get SF2 and A2 
RB = FEXP(RD) 
RD = FRAC(RD) 

4) Set implicit bit in SF2 
RD = RD OR BIT23 
RD = SMTC(RD) 

5) If E2 > E1 then go to step 9 

; Get exponent (E2) 
; Get signed fraction (SF2) 

; Set implicit bit 
; Convert to two's complement 

RF = RC - RB : TEST NEGATIVE ; Compare A2 from A 1 
JT FADD 1 : RCA = # 8 ; Jump if E2 > E1; set up loop count 

6) Let DIFF = E1 - E2. 
Y/RF = SLC(RF) : LOOP RCA 
RCA = Y/RF 

7) Do i = 1 to DIFF 
SF2 = RSHFT(SF2) 

Enddo 
RD = SRA(RD) : LOOP RCA 

8) Let E3 = E1, go to step 12 
RB = RC : JUMP FADD2 

9) Let DIFF = E2 - E1 

FADD1: RF = NOT(RF) 
Y/RF = SLC(RF) : LOOP RCA 
RCA = Y/RF 

;10) Do i = 1 TO DIFF 
SF1 = RSHFT(SF1) 

Enddo 
RE = SRA(RE) : LOOP RCA 

; Rotate 8 times to get difference 
; Load difference in loop counter 

; Orient digits of smaller addend 

; Swap registers and branch 

; Complement result of E1 - E2 
; Shift 8 times to get DIFF 
; Load DIFF in loop counter 

; Align SF1 with SF2 

; 11) Let E3 = E2 (no instruction required - RB already has E2 in it) 

;12) SF3 = SF1 + SF2 

FADD2: RF = RD + RE 
RF = SMTC(RF) 

;13) Test "overflow" into bit 24 
RF = TBO (RF, BIT24) 

; 14) Jump if false to step 17 
JF FADD3 

; 15) Else increment exponent 
INC RB : TEST NEG 

; 16) Normalize signed fraction 
RF = SRA(RF) : JT ERROR 

; 17) Clear implicit bit 

FADD3: RF = SETO (RF, BIT23) 

; 18) Pack: SUM = SF3 OR E3 
RF = RF OR RB : RETURN 

; Add 
; Convert to sign-magnitude 

; Check for normalization 

; If so, finish and exit 

; Test for exponent overflow 

; Jump to error handler if overflow 

; Reset bit 23 of RF 

; Or signed fraction and exponent 



There is an important consequence of FADD which impacts the hardware. Since the 
number of shifts required to denormalize the small addend is data dependent 
(computed in the ALU) it is necessary to provide a path between the ALU Y bus and 
the' AS890 DRA bus. All the other operations are simple' AS888/890 instructions, 
including the FRAC and FEXP mask operations discussed during the development of 
FMUL. ERROR is a floating-point overflow error handler. 

5.8 Evaluate Tradeoffs and Block Diagram the Hardware 

A rough estimate of the FSIN worst case execution time can be arrived at by making 
the following observations about FSIN, FMUL and FADD: 

FMUL 
integer recursion =:: 22 cycles 
other instructions =:: 18 cycles 
total =:: 40 cycles 

FADD 
denormalization =:: 23 cycles 
other instructions =:: 25 cycles 
total =:: 50 cycles 

FSIN 
number of calls to FMUL = 12 
number of calls to FADD = 11 
number of other cycles =:: 10 

Approximate worst case total = 10 + (12 x 40) + (11 x 50) = 1040 cycles. At 
50 nanoseconds per cycle, this requires approximately 52 microseconds. There are 
few improvements that could be made in hardware to speed this time, except perhaps 
the addition of a flash multiplier which would reduce the integer computation by about 
20 cycles (an overall reduction of about two percent). A barrel shifter could have the 
same benefit during floating-point addition for a total reduction of about 4 percent. 
For the sake of simplicity, it will be assumed that 52 microseconqs is acceptable for 
the sin (x) computation. 

Another issue which must be considered .is the problem of loading the' AS888 and 
'AS890 with constants. A slight materials cost reduction might be realized by storing 
constants in table PROMs rather than in control store memory. An interesting use 
of the DRA and DRB ports on the' AS890 would be to use the output of RCA or RCB 
to index data in the constant PROM. This would allow long series to be implemented 
in loop form rather than'the inline method used in FSIN. Once again, the constant 
PROM will not be implemented for the sake of simplicity. 

Now the architecture can be designed to meet the requirements identified throughout 
this analysis: 

1) A path between the' AS888 Y bus and the' AS890 DRA bus. 
2) A path between the microinstruction register and the' AS890 DRA bus for loading 

loop counts and branch addresses. 
3) A path between the IT]icroinstruction register and the' AS888 Y bus for loading 

constants. 
4) Independent control of SIOO in each' AS888 slice to allow bit/byte instructions. 
5) A status register to store' AS888 status for testing. 
6) A status mux to test the' AS888 status, bit 23 of the 'AS888 Y bus, bit 24 

of the 'AS888 Y bus and hardwired 0 and 1. 

A system having these features is illustrated in Figure 5.1. 
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5.9 Define Microinstruction Fields During Detailed Hardware Design 

The detailed hardware design will produce a wiring diagram that fixes the position 
within the microinstruction of each of the various control signals that are connected 
from the microinstruction register to the' AS888, 'AS890, status mux and any other 
special hardware. Once this design ir complete it is possible for the assembler to sort 
the control bits of each instruction so that they will be properly oriented when the 
microprogram is installed in the target system. 

5.10 Assemble the Microprogram 

TI is currently developing an 'AS888/890 microassembler. Several microassemblers 
are commercially available, and many users prefer to write their own. The 
microprogram shown in Table 5-1 was hand-assembled, but has a syntax that is 
suitable for interpretation by a user-written assembler. 
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s:uodaJ:l UOrl.eO!lddv 

0000 SIN: 

0001 
0002 

0003 
0004 
0005 
0006 

0007 
0008 
0009 

OOOA 
OOOB 
OOOC 
OOOD 

OOOE 
OOOF 
0010 
0011 

* Rl = FSGN(RO) 
Rl = RO AND #8000 OOOOh 

* R2 = FABS(RO) 
R2 = RO 
R2 = RO SETO #80h : BYTE=#1000b 

* R3 = FMUL(R2,10VR2PI) 
RE = R2 
RD = #3EA2 F984h 
JSR FMUL 
R3 = RF 

* R3 = FINT(R3) 
RF = R3 
JSR FINT [EXERCISE FOR READER) 
R3 = RF 

* R3 = FMUL(R3,2PI) 
RE = R3 
RD = #40C9 OFDBh 
JSR FMUL 
R3 = RF 

* R3 = FADD(R2,INV(R3)) 
RE = R2 
RD = R5 XOR #8000 OOOOh 
JSR FADD 
R3 = RF 

Table 5.1. Floating Point Sin (x) Microprogram 

0 
X 
::J 

0 o::!: 
al ~No ~~ ~~8 ~<al>~ 0 32-bit 1~1~~i ~ ~ ~ DRB13- < alit.) ul 1~~&lOI~ffil~I~~~8 ~ Constant a: ::!: III DRBO a: a: ~ III 

00X10211100FA 80000000 1111 027XXXXll17 

00X20Xlll00F6 XXXXXXXX 1111 027XXXXll17 
0028001110018 XXXXXXXX 1 1 1 0 027XXXXll17 

02XEOXlll00F6 XXXXXXXX 1111 027XXXXll17 
OXXDXXllllXFF 3EA2F984 1111 027XXXXll17 
lXXXXXlllXXFF XXXXXXXX 1111 01400601117 
OFX30Xlll00F6 XXXXXXXX 1111 027XXXXll17 

03XFOXlll00F6 XXXXXXXX 1111 027XXXXll17 
lXXXXXll1XXFF XXXXXXXX 1111 o 1 4 .... 1 1 1 7 
OFX30Xll100F6 XXXXXXXX 1111 027XXXXll17 

o 3 X E,O X 1 1 1 0 0 F 6 XXXXXXXX 1111 027XXXXll17 
OXXDXX1110XFF 40C90FDB 1111 02 7 X X X X 1 1 1 7 
lXXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX30Xlll00F6 XXXXXXXX 1111 027XXXXl117 

02XEOX11100F6 XXXXXXXX 1111 027XXXXll17 
05XD0211100F9 80000000 1111 027XXXX1117 
lXXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX30Xll100F6 XXXXXXXX 1111 027XXXXll17 



Cf 
-....J 

0012 
0013 
0014 
0015 
0016 

0017 

0018 
0019 
001A 
001B 

* SIN1: 
001C SIN1: 
0010 
001E 
001F 
0020 

0021 
0022 
0023 
0024 

* SIN2: 
0025 SIN2: 
0026 
0027 
0028 

* Y = FADD(R2,NEGPI) 
RE = R2 
RD = #C059 OFDBh 
JSR FADD 
Y = RF : TEST NEG 
JT SINl 

* Rl = FINV(Rl) 
Rl = Rl XOR #8000 OOOOh 

* R3 = FADD(R3,NEGPI) 
RE = R3 
RD = #C059 OFDBh 
JSR FADD 
R3 = RF 

. Y = FADD (PIOVR2,INV(R3)) : TEST NEG 
RE = #3FC9 OFDBh 
RD = R3 XOR #8000 OOOOh 
JSR FADD 
Y = RF : TEST NEG 
JT SIN2 

* R3 = FADD(PI,FINV(R3)) 
RE = #4059 OFDBh 
RD = R3 XOR #8000 OOOOh 
JSR FADD 
R3 = RF 

R4 = FMUL(RO,RO) 
RE = RO 
RD = RO 
JSR FMUL 
R4 = RF 

Application Reports 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

0 
)( 
:J 

0 o~ 

~a:8 ~~al>~ 0 I~I~I~I~ 1E~o nw 32·bit N:J II} DRB13· ° 0lu ....I 1~~~~I~al~IWWW c ;::: Constant 1E ~ III DRBO i2 ~ ~ ~ ~alU W OO(l)U_ 

02XEOXlll00F6 XXXXXXXX 1111 027XXXXl117 
OXXDXXlll0XFF C0590FDB 1111 027XXXX1117 
lXXXXXll1XXFF XXXXXXXX 1111 01400741117 
1FXXOX11000F6 XXXXXXXX 1111 027XXXXl112 
lXXXXXlllXXFF XXXXXXXX 1111 01700001117 

01Xl0211100F9 80000000 1111 027XXXX1117 

03XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
03XDXX1111XFF C0590FDB 1111 027XXXX1117 
1XXXXXlllXXFF XXXXXXXX 1111 01400741117 
OFX30Xll100F6 XXXXXXXX 1111 027XXXX1117 

OXXEXX11110F6 35C90FDB 1111 027XXXXl117 
03XD0211100F9 80000000 1111 027XXXX1117 
lXXXXX111XXFF XXXXXXXX 1111 01400741117 
1 F X X O·X 1 1 0 0 0 F 6, XXXXXXXX 1111 027XXXX1 112 
1XXXXX1 11XXFF XXXXXXXX 1111 01700001117 

OXXEXXll110F6 405.90FDB 1111 027XXXX1117 
03XD0211100F9 80000000 1111 027XXXX1 1 1 7 
lXXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX30X11100F6 XXXXXXXX 1111 027XXXX1 1 1 7 

00XEOX1 1 100F6 XXXXXXXX 1111 027XXXX1 1 1 7 
OOXDOXl 1 100F6 XXXXXXXX 1111 027XXXX1 117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
0~)(40X1 1 100F6 XXXXXXXX 1111 027XXXX1 1 1 7 



Cf 
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N 

s~JodaM uo!~eo!ldd" 

* R5 = A6 
0029 R5 = #2F34 6FBCh 

* R5 = FMUL(R4,R5) 
002A RE = R4 
002B RD = R5 
002C JSR FMUL 
002D R5 = RF 

* R5 = FADD(R5.A5) 
002E RE = R5 
002F RD = #B2D7 5AD5h 
0030 JSR FADD 
0031 R5 = RF 

* R5 = FMUL(R4,R5) 
0032 RE = R4 
0033 RD = R5 
0034 JSR FMUL 
0035 R5 = RF 

* R5 = FADD(R5,A4) 
0036 RE = R5 
0037 RD = #3638 EF99h 
0038 JSR FADD 
0039 R5 = RF 

* R5 = FMUL(R4,R5) 
003A RE = R4 
003B RD = R5 
003C JSR FMUL 
003D R5 = RF 

Table 5.1. Floating Point Sin(x) Microprogram (continued) 

0 
X 
::J 

0 o:E 

~g8 ~ctal>~ 0 I~I~~~ 
~No . ww 

l~ M M MI;5 al~IW w we -; 
32-bit ~ ~ ~ DRB13- 1~~lu u:l 

ctalU w OOenu!:: Constant ex: :E en DRBO ex: ex: ~ en 

OXX50X11110F6 2F346FBC 1 1 1 1 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXX~XXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1111XFF B2D75AD5 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1111XFF 3638EF99 1111 027XXXX1117 
1 X X X X X 1 1 1 X X F- F XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 
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* R5 = FADD(R5,A3) 
003E RE = R5 
003F RD = #B9500D01h 
0040 JSR FADD 
0041 R5 = RF 

* R5 = FMUL(R4,R5) 
0042 RE = R4 
0043 RD = R5 
0044 JSR FMUL 
0045 R5 = RF 

* R5 = FADD(R5,A2) 
0046 RE = R5 
0047 RD = #3C08 8888h 
0048 JSR FADD 
0049 R5 = RF 

* R5 = FMUL(R4,R5) 
004A RE = R4 
004B RD = R5 
004C JSR FMUL 
004D R5 = RF 

* R5 = FADD(R5,A 1) 
004E RE = R5 
004F RD = #BE2A AAADh 
0050 JSR FADD 
0051 R5 = RF 

* R5 = FMUL(R4,R5) 
0052 RE = R4 
0053 RD = R5 
0054 JSR FMUL 
0055 R5 = RF 

Application Reports I 

Table 5.1. Floating Point Sin(x) Microprogram (continued) 

0 
X 
:J 

0 o:!E 
al 

~No ~r ~:il8 ~ctal>~ 0 32-bit ~~I~I~ ~ ~ ~ DRB13- ~ glu ul I~MMMlctal~~WW c ~ Constant ctalUWW O(l)U!::: a: :!E (I) DRBO a: a: ~ (I) 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1111XFF B9500D01 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX1·1100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1111XFF 3C088888 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX11111FF BE2AAAAD 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOXlll00F6 XXXXXXXX 1111 027XXXXl117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OF X 50 X 11100 F 6 XXXXXXXX 1111027 XXXX 1117 
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0056 
0057 
0058 
0059 

005A 
005B 
005C 
0050 

005E 
005F 

0060 FMUL: 

0061 

0062 

0063 
0064 

0065 

* R5 = FADD(R5,A0) 
RE = R5 
RD = #3F80 OOOOh 
JSR FADD 
R5 = RF 

* R5 = FMUL(RO,R5) 
RE = RO 
RD = R5 
JSR FMUL 
R5 = RF 

* R5 = FCHS(R5,R1) : RETURN 
Rl = Rl OR #7FFF FFFFh 
R5 = R5 XOR Rl : RETURN 

* RC = FEXP(RE) 
RC = RE AND #7F800000h 

* RE = FRAC(RE) 
RE = RE AND #807F FFFFh 

* RE = RE OR bit23 
RE = RE OR #0080 OOOOh 

* MO = SMTC(RE) 
RE = SMTC(RE) 
LOADMO : PASS 

* RB = FEXP(RD) 
RB = RD AND #7F80 OOOOh 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

0 
>< 
::> 

0 o~ co 

I~I~I~I~ ~ ~ 0 IW~ ~~8 ~<(al>~ 0 

I~MMMI<cogl~~w c ;::: 32-bit ~::> ~ DRB13- ~ colo u:l -.:(cooww (1)0 _ Constant a: ~ II) DRBO a: a: ~ II) 

05XEOXlll00F6 XXXXXXXX 1111 027XXXXll17 
OXXDXX1111XFF 3F800000 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 

00XEOX11100F6 XXXXXXXX 1111 027XXXXl117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50Xl1100F6 XXXXXXXX 1111 027XXXX1117 

01X10211100FB B7FFFFFF 1111 027XXXX1117 
05150011100FO XXXXXXXX 1111 022XXXX1117 

OEXC0211100FA 7F800000 1111 027XXXX1117 

OEXE0211100FA 807FFFFF 1111 027XXXX1117 

OEXF0211100FB 00800000 1111 027XXXX1117 

OXEEXOlll1058 XXXXXXXX 1111 027XXXX1117 
lEXXOX11110E6 XXXXXXXX 1111 027XXXXl117 

ODXB0211100FA 7F800000 1111 027XXXX1117 



'f 
'-l 
U1 

0066 

0067 
0068 
0069 
006A 
006B 
006C 
006D 

006E 
006F 

0070 FMUL1: 
0071 

* RD = FRAC(RD) 
RD = RD AND #807F FFFFh 

RD = RD OR bit23 
RD = SMTC(RD) 
RE = 0 : RCB = #22D 
RE = SMUll RD : LOOP RCB 
RE = SMULT RD 
TBO(RE,bitl) : BYTE = #01 OOb : TEST Z 
JT FMULl 

* INEX RC 
RC = RC ADD #0080 OOOOh 
RE = SRA(RE) 

RC = RC ADD" RB : TEST CARRY 
JT ERROR 

0072 RE = SMTC(RE) 
0073 RE = RE AND #807F FFFFh 

* FADD: RC = FEXP(RE) 
0074 FADD: RC = RC AND #7F80 0000 

* RE = FRAC(RE) 
0075 RE = RE AND #807F FFFFh 

0076 MQ = RE OR bit23 
0077 RE = SMTC(RE) 

* RB = FEXP{RD) 
0078 RB = RD AND #7F80 0000 

Application Reports • 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

0 
X 
::J 

0 o::!: 
III ~~o nw 000 w 

I~I~I~~ c:t1ll0 ~Ic:t~>~ 0 32-bit N::J "I DRB13- 00
10

-1 
I~ M M Mlc:t III W W W W C -; 

Constant ~ ::!: ~ DRBO ~ ~ ~ ~ c:tIllOWWO O(l)O!::: 

ODXD0211100FA 807FFFFF 1111 027XXXXll17 

ODXD0211100FB 00800000 1111 027XXXX1117 
OXDDX01111D58 XXXXXXXX 1111 027XXXXll17 
OEEE0011110F9 00000016 1111 617XXXXll14 
ODEEOOll11060 XXXXXXXX 1111 567006All14 
ODEE001110070 XXXXXXXX 1111 067XXXXll17 
00FOOOll11038 XXXXXXXX 1 0 1 1 027XXXXll14 
1XXXXXX111XFF XXXXXXXX 1111 017XXXXll17 

OCXC0211100Fl 00800000 1111 027XXXXll17 
OEXEOX1110006 XXXXXXXX 1111 027XXXXl117 

OCBC0011100F1 XXXXXXXX 1111 027XXXX1110 
lXXXXX111XXFF XXXXXXXX 1111 017XXXX1117 

OXEEX01111058 XXXXXXXX 1111 027XXXX1117 
OEXE0211100FA 807FFFFF 1111 027XXXX1117 

OCXC0211100FA 7F800000 1111 027XXXX1117 

OEXE0211100FA 807FFFFF 1111 027XXXX1117 

1EXX0111100EB 00800000 1111 027XXXX1117 
OEXE0211100FA 807FFFFF 1111 027XXXX1117 

ODXB0211100FA 7F800000 1111 027XXXX1117 



'f 
-' 
-...J 
0) 

suodaH uo!~e;)!ldd'lf • 

0079 
007A 
007B 

007C 
0070 

007E 
007F 

0080 
0081 

0082 FADD1: 
0083 
0084 
0085 

0086 FADD2: 
0087 
0088 
0089 
008A 
008B 
008C FADD3: 
0080 

* RD = FRAC(RD)· 
RE = RE AND #807F FFFFh 
RD = RD OR bit23 
RD = SMTC(RD) 

RF = RC - RB : CO=O: TEST NEG 
JT FADDl : RCB = #8 

Y/RF = SLC(RF) : LOOP RCB 
Y = RF: RCA = Y 

RD = SRA(RD) : LOOP RCA 
RB = RC : JUMP FADD2 

RF = NOT RF 
Y/RF = SLC(RF) : LOOP RCB 
Y = RF: RCA = Y 
RE = SRA(RE) : LOOP RCA 

RF = RD + RE 
RF = SMTC(RF) 
RF = TBO (RI; bit24) : TEST Z 
JF FADD3 
INC RB : TEST NEG 
RF = SRA(RF) : JT ERROR 
RF = SETO (RF, bit23) 
RF = RF OR RB : RETURN 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

0 
X 
::::I 

0 o::!E 
11:1 

~ ~ 0 ~Iw ~g8 ~<II:I>~ 0 32-bit I~~I~I~ ~::::I ~ DRB13- < gjU ill 1~p,p,p,I<II:IHwww c "7 Constant <lI:IuwwOOOenu !:: a: ::!E en DRBO a: a: ~ en 

OEXE0211100FA 807FFFFF 1111 027XXXXll17 
ODXD0211100FB 00800000 1111 027XXXXll17 
o X DO X 0 1 1· 1 1 0 5 8 XXXXXXXX 1111 027XXXXll17 

OCBFOOlll00F3 XXXXXXXX 1111 027XXXXll12 
lXXXXXlllXXFF XXXXXXX8 1111 617XXXXll14 

OFXFOXll0X066 XXXXXXXX 1111 567007E 1114 
lXXXXXll00XFF XXXXXXXX 1111 27700801117 

ODXDOXlll0006 XXXXXXXX 1111 167007Ell14 
OCXBOXlll0XFF XXXXXXXX 1111 027XXXXll17 

OFXFOXlll00F7 XXXXXXXX 1111 027XXXXll17 
OFXFOXll00066 XXXXXXXX 1111 617XXXXll14 
lXXXXXll00XFF XXXXXXXX 1111 56700841114 
OEXEOXlll0006 XXXXXXXX 1111 27700861117 

ODEFOOlll00Fl XXXXXXXX 1111 027XXXXll17 
OXFFXOllll058 XXXXXXXX 1111 027XXXXll17 
00FOOOll11038 XXXXXXXX o 1 1 1 027XXXXll14 
lXXXXXlllXXFF XXXXXXXX 1111 047XXXXll17 
OBXBOX11111F6 XXXXXXXX 1111 027XXXXll13 
OF7FOX1110006 XXXXXXXX 1111 017XXXX1117 
07FOOOllll018 XXXXXXXX 1 0 1 1 027XXXXll17 
OFBFOOlll00FB XXXXXXXX 1111 022XXXXll17 
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MECHANICAL DATA 

ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book. unless otherwise noted. apply for circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE SN 

~~----------------------~~ 
MUST CONTAIN TWO TO FOUR LETTERS 

SN Standard Prefix 

SNJ JEDEC PUBLICATION 101, Class B 

JANB MIL-M-3B510 Qualified 

2. Unique Circuit Description )-__________________ ---J 

MUST CONTAIN SIX TO TEN CHARACTERS 

(From Individual Data Sheet) 

Examples: 

745225 

54LS610 

74ALS232 

74ALS632A 

74ALS29864 

MUST CONTAIN ONE OR TWO LETTERS 

D, DW ("Small Outline" Packages) 

J, JD, JG, JT, N, NT, NW, p, W (Dual-in-Line Packages) 

FH or FN (Chip Carriers) 

(From pin-connection diagram on individual data sheet) 

4. Instructions (Dash No.) }------------' 

3 PEP processing, level 3 (N or NT packages only) 

74ALS232 N 4 

tThese circuits in dual-in-line and "small outline" packages are shipped in one of the carriers shown below. Unless a specific method 
of shipment is specified by the customer (with possible additional costs), circuits will be shipped in the most practical carrier. Please 
contact your TI sales representative for the method that will best suit your particular needs. 

"Small Outline" (D, DW) 
Dual-in-Line (J, JD, JG, JT, N, NT, NW, p, W) 

- A-Channel Plastic Tubing 

- Tape and Reel 

- Barnes Carrier (W only) 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • OALLAS, TEXAS 75265 

n:s ....., 
n:s 
C 
CO 
u 
c 
n:s 

.s:::: 
u 
Q) 

2 

II 
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MECHANICAL DATA 

D plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

14-PIN D PACKAGE 

f 
6,20 (0.244) 

8,74 (0.344) 

.8,55 (0.337) 

3,81 (0.150) 
~1~----------~41 

1,75 (0.069) 

1,27 (0.050) 

(See Note AI 

050(0020) ~5'21 (0.205I

l ' . X 45° 460 (0.1811 0,229 (0.00901 
0,25 (0.0101 ' 0,190 (0.00751 

'~L:~~'~ Jr?o 
0,51 (0.0201 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
S B. \ Mold flash or protrusion shall not exceed 0.15 (0.006). 
CD C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
(") D. Lead tips to be planar within ±O,051 (0.002) exclusive of solder. 

:::r 
Q) ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

::l 
Cr 
Q) 

c 
Q) ..... 
Q) 

III 

4-4 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



MECHANICAL DATA 

D plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

16-PIN 0 PACKAGE 

f 
6,20 (0.244) 

9 

8 3,81 (0.150) 
~Ir---------------~I 

1,75 (0.069) 

1,35 (0.053) 

,... 7° NOM 

I 4 PLACES 

5,21 (0.205) 

050 (0.020) {4'60 (0'181)~ 0,229 (0.0090) 
, X 45° 0,190 (0.0075) 

0,25 (0.010) I ~ 

dJ( I~~ 
0,102 (0.004) 

0,79 (0.031) 

0,28 (0.011) 

j l 0,457 (0.018) 

0,356 (0.014) 

PIN SPACING 

1,27 (0.050) 

See Note a 

7° NOM Jl JLt 4°±~0 
4 PLACES 

1,12 (0.044) 

0,51 (0.020) 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ± 0,051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

co 
+J 
CO 
C 

C6 
.2 
s::: 
CO 

..s::::: 
CJ 
Q) 

~ 

III 
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s 
CD 
(") 
::r 
Q) 
:::I 
C:)" 
Q) 

o 
Q) 
r+ 
Q) 

• 
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MECHANICAL DATA 

ow plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain ,stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

20·PIN ow PACKAGE 

r-:~:~:~::~::----' 

rr=m-~ ~ ~ -~ ~ ~ ~ I 
10.65 (0.419) r 20 11 

10.15 (0.400) 

7.55 (0.297) 

""I"M' 1}G)~1~ ______________________ ~1~041 

~r
70NOM 

4 PLACES 
2.65 (0.104) 

"'~J~ 0'30~.(0'012) - I - I - I I 0,490(0.019) 

0.10 (0.004) I I -+I 14-0.350 (0.014) 

0.785(0.031) ~' I 

0.585 (0.023) 
1.27 (0.050) TP 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 

\- 7
0 

NOM 1.27 (0.050) I I 
4 PLACES ~--t.-..I 

C. Leads are within 0.25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ± 0.051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

OW plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require ,no additional cleaning or processing whim used in soldered assembly. 

24-PIN OW PACKAGE 

15'5(0'610)~ 
15,3 (0.602) 

- - - - -
13 

12 

I::::~:~::I 
0,5(0.02)X45"LI=-r- ~ I 

kJ!j .. II 
0,785 (0.031) 

0,585 (0.023) 

NOTES: A. Body dimensions do not include mold flash or protrusion; 
B. Mold flash or protrusion shall not exceed 0,15 (O.0061. 

~ 7° NOM lJ 140 ±4° \-4 PLACES 
0,320 (0.013) 1,27 (0.050) 

0,230 (0.009) 0.40 (0.016) 

C. Leads are within 0,25 (O.OlO) radius of true position at maximum material dimension. 
O. Lead tips to be planar within ±0,051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS -II} 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

co .... 
CO 
C 
C6 
(.) 

"2 
CO 
J: 
(.) 
Q) 

~ 

a 

4-7 



c 
Q) ,.... 
Q) 

II 

4-8 

MECHANICAL DATA 

FK ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1.27 (O.050-inch) 
centers. terminals require no additional cleaning or processing when used in soldered assembly. 

FK package terminal assignments conform to JEDEC Standards 1 and 2. 

FK CERAMIC CHIP CARRIER PACKAGES 
(28-terminal package shown) 

CERAMIC CHIP CARRIERS 

JEDEC NO.OF A OUTLINE 
DESIGNATION" 

TERMINALS MIN MAX 

MS004CB 20 
8.69 9.09 

10342) 10.358) 

MS004CC 28 
11,23 11,63 

10.4421 10.4581 

B 
MIN MAX 

7.80 9,09 
10.307) 10.358) 
10,31 11,63 

10.406) 10.4581 

* All dimensions and notes for the specified JEDEC outline apply. 

~I 
0,56 (O,022)-+j 

~I~ 
~ 1.63 (0,064) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

, TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



MECHANICAL DATA 

FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN PLASTIC CHIP CARRIER PACKAGE 
(28-terminal package used for illustration) 

JEDEC 

OUTLINE 

MO 047AA 

MO 047AB 

MO 047AC 

MO 047AE 

1,22 (0.048) X 450 
1,07 (0.042) 

o 
28 27 26 

NO. OF A 

TERMINALS MIN MAX MIN 

20 
9.78 10.03 8.89 

103851 103951 10.3501 

28 
12.32 12.57 11.43 

10.4851 10.4951 10.4501 

44 
17.40 17.65 16.51 

106851 106951 106501 

68 
25.02 25.27 24.13 

10.9851 10.9951 109501 

All dimensions and notes for the specified JEDEC outline apply 

25 

24 

23 

MAX MIN 

9.04 7.87 

103561 10.3101 

11.58 10.41 

10.4561 10.4101 

16.66 15.49 

10.6561 10.6101 

24.33 23.11 

10.9561 109101 

[It :::] ;::: :::::: 
1,35 (0.053) X 45° . 0,94 (0.037) 
1,19 (0.047) / 0,69 (0.027) R 

RMAX 

MAX 

8.38 

103301 

10.92 

10.4301 

16.00 

106301 

23.62 

109301 

:1 

dC.I:,::I:A~::'.U'" 
- - - (See Note B) 

--- , 

I 
-~;:::::::o/,I 

SEATING PLANE 
(See Note C) 

0,81 (0.032)-H 

0,66 (0.026) wf 
1,52 (0.060) MIN 

- I -*-
I ~4 (0.025) MIN 
I-.i:. 

~:~~ :~:~~~: ~ I ~ 
LEAD DETAIL 

NOTES; A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as de'termined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004). 

ALL LINEAR D)MENSIONS ARE )N MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

68-pin GB pin grid array ceramic package 

This is a hermetically sealed ceramic package with metal cap and gold-plated pins. 

68·PIN GB PACKAGE 

TOP 
VIEW 

4.57 (0.180) 

I I 

II 

lJ 120) 

----oBoI 
13.5 (0.530) 

NOM 

1 

,::~,':.~~ti-~' IT IT,1 Lll [m~:.:.~::o:~:: 
2.39 (0.094) 0.406 (0 016) 1.12 (0.044) 

2.54 (0.100) T.P.M 

~-±~~~~~~~------~ 
L 1°00000008-1 

(£) 0 000 0 0 0008·-+ 
J 00 00 2.54 (0.100) T.P. 

H00 00 
G00 00 

B~~:~M F 0 0 0 0 
E00 00 
000 00 
c00 00 
B00000000000 
A~. 000000008--1.. 1.27 (0.050) 

2 3 4 5 6 7 B 9 10 11 L NOM INDEX 
(5 •• Not. A) 

NOTE A: Pins are located within 0,127 (0.005) radius of true position relative to each other at maximum material condition and within 
0,254 (0.010) radius relative to the center of the ceramic. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

4-10 TEXAS .. 
INSTRUMENlS 
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MECHANICAL DATA 

J ceramic packages (including JO, JT, and JW dual-in-line packages) 

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a 
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in 
mounting-hole rows on 7,62 (0.300) or 15,24 (0.600) centers. Once the leads are compressed and inserted 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated ("bright­
dipped") leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For the 14-, 16-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300) 
row spacing. For the 24-pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) 
row spacing. 

14-PIN J CERAMIC 

~:~: :~:~~~: 14 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN J CERAMIC I 19.9410.785} ~ 
; • 19,18 (0.755) I I 

Ii. Ii. .~"=,,,,"{~~~~:!j 
00000000 Ih rl~,!;~::~ 

tr\ ~~~~~~~~~~S~~~~T 

105' -SEATINGPLANE--.... ---,--If. 
W 111+1+--++--ttto.6i21~~~~~~IN 

16 PLACES ~I- ~:~~ :~:~~:: j~~ 16 PLACES 

16 PLACES -II~ 0.3810.015} 

~:~~ :~:~~~: 4 PLACES 

• For memories of 64 bits and up and a few MSI/LSI products in Series 54/74 and Series 5451745 
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply 
without modification. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

co .... 
CO 
C 
CO 
CJ 
'2 

CO 
..c 
CJ 
Q) 

~ 

II 

TEXAS ~ 
INSTRUMENTS 
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MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

20-PIN J CERAMIC 
24,76 (0.975) 

""'1">-----23,62 (0.930) -----.l_1 

7,62 (0 300) 
6,22 (0 245) 

ClgCl ~:~~ :~.~;~: .~," .. "".{~~~~~~~~j 
1 1,27 (0 050) NOM 

~05. _S;~~~~G --'--y---.-
90 MIN 

20 PLACES -.--_____ y 

~\.- ~:~~ \~:~~:\ 
20 PLACES 

GLASS 
SEALANT 

0,58 (0.023) 
0,38 (0.015) 
20 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

24-PIN JT CERAMIC, O,300-INCH ROW SPACING 

f4------31,8 (1.250) MAX----....,.j 

SEA TlNG-r-''----...-I-, 
10 -gar 

24 PLACES 

PLANE 

0,36 (0.014)--.\r-
0,20 (0.008) 
24 PLACES 

GLASS 
SEALANT 

III ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
'------------' 
NOTE A: Each pin centerline is located within 0,25 (0,010) of its true longitudinal position, 

4-12 TEXAS -Ij} 
INSTRUMENTS 
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J ceramic dual-in-line packages (continued) 

24-PIN JW CERAMIC 

0.63 10.0251 R 
NOM 

~---------;~:~:~:;;~:----------~ 
@@@@@@@@@@@@ 

CD®00®@0®®@@@ 
~------------<*+- ~~:~ :~:~~~: 1.91 (0.0751 

1.2710.0501 NOM Lf.27(OO5of 1.78100701 MAX 24 PLACESM 

GLASS SEALANT ~~02251 

-~~:;'~' ::.bfll ¥ ¥ ~ ~ ~ ~ ~ ~ ~J u llOtlf.::~:11601 
-~:-~~-:-~ ~-~-~: ~ ~ I I o.~~ ~L~~~~IN ~ '- ;~~~~~~~ 
24 PLACES ~ 2.5410.1001 

PIN SPACING 2.54 10.1001 T.P. 1.5210.0601 
ISee Note AI 4 PLACES 

Falls within JEDEC MO-015AA dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

MECHANICAL DATA 

co ..... 
CO 
C 
(ij 
(,) 

'2 
CO 

..c: 
(,) 
Q) 

:E 

4-13 



c 
Q) 
r+ 
Q) 

MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SIDE BRAZE 

~~N :. ==~_B_MAX~~~~~~'I 

(DD~~~~A:~:'----' n 0 uT­
D' NUM,,", bJ l -L 

C0--------------------~ 

ct. ct. 
I4-A----tf 1,7B (0.070) 

1 __ I 0,51 (0.020) MIN 0,76 (o.o~O)j t , 

~ ~mmtlmmm5,08(0.200)MAX - SEATING i 
',";: PLAN' :;J ( 3.181O.~2S( M" 

II 0,38 (0.015) 1,91 (0.075) MAX ..j 1+-1 j 
-..jj.- 0,20 (0.008) -.I 1+-2,54 (0.100) NOM 0,53 (0.021) 

~~~eS~:~I~~ 0.38 (0.015) 

~ 16 18 20 22 24 
DIM 

A +0.51 (+0.020) 7,62 7,62 7.62 7.62 7.62 

-0.25 (-0.010) (0.300) (0.300) (0.300) (0.300) (0.300) 

B.(MAX) 20,57 23.11 25,65 27.94 30,86 

(0.810) (0.910) (1.010) (1.100) (1.215) 

C (NOM) 7.37 7,37 7.37 9,91 7.37 

(0.290) (0.290) (0.290) (0.390) (0.290) 

~ 24 28 40 48 52 64 
DIM 

A +0.51 (+0.020) 15.24 15.24 15,24 15.24 15,24 22.86 

- 0.25 (- 0.01 0) (0,600) (0.600) (0.600) (0.600) (0.600) (0.900) 

B(MAX) 31.8 . 36.8 52.1 62,2 67.3 82.6 

(1.250) (1.450) (2.050) (2.450) (2.650) (3.250) 

C (NOM) 15,0 15.0 15.0 15.0 15,0 22,6 

(0.590) (0.590) (0.590) (0.590) (0.590) (0.890) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

N plastic packages (including NT and NW dual-in-line packages) 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. The packages are intended for insertion in mounting-hole rows on 7,62 (0.300). 15,24 (0.600), 
or 22,86 (0.900) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Leads require no additional cleaning or processing when 
used in soldered assembly. 

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

14-PIN N PLASTIC . 19.B (0.7BOI 
~ lB.O (0.7101 

<t. <t 7.62 ± 0.25 '~;';:~:: ::1: :: v v I (0.300. 0.0101 

6.35 < 0.25 
(0.250 < 0.0101 

2.0 (0.0801 NOM 

(See Note B) 

0@00000 

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN N PLASTIC r:----=-19,S(O.780IMAX4 

~@@@@@@~ 

~
<i. .' ,~~::;:" ':::::,:::i::::: J 

(0.250:1:0.010) 

....j 2.010.0ao} NOM 00000000 
I _ -L ---1 t--'}8 (0.070) MAX 16 PLACES 

'-'- t 0'5110'0201~1 't.0,25 (0.010) NOM MI~ 
5,08 (0.200) MAX -L 

~ -SEATING PLANE .., O.8:2(~~~~IE~IN 
16 PLACES \\_ 0,36(0.014) 

--It- O•25 10.010} 31710125}MIN U~ -.JL 0.533 10 021} 
16 PLACES • . ---,r--o;38T1O:OT5I 
(Sea Note S) 1,65 (0.065) 16 PLACES 

0,38 (0.015) (See Note B) 
4 PLACES PIN SPACING 2,54 (0.100) T. P. 

(See Note AI 

ALTERNATE SIDE VIEW --t t'--,.78 (0.070) MAX'6 PLACES 

Parts may be supplied in accordance with the 

alternate side view at the option of TI plants 

located in Europe. In this case, the overall 

length of the package is 22,1 (0.870) max. 

t 0'51~~~20}~O 
5.0810.200}MAX ...i....-

~ 0'~6(~~!~)E~IN 

~ 
3.17 (0.12.5) MIN L~ --I~0.533(O.021) 

2,41 (DOgS) 16 PLACES 

1,02 (0.040) PIN SPACING 2.54 (0.100) T.P. (See Note B) 
4 PLACES (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

20-PIN N PACKAGE 

H 
:::: ::::::J t 
4 PLACES 

VIEWA 

7,62 ± 0,25 
(0.300 ± 0.010) 

2,0 (0.080) NOM 

(See Note B) 

Parts may be supplied in accordance 
with the alternate side view at the 
oPtion of TI. European-manufactured 
parts may have pin 1 as shown in 
view A. Alternate-side·view parts 
manufactured outsKi. of the USA 
may have a maximum package length 
of 26,711.050). 

(+------ ~~:~~ :~::~::-----.! 

(See NoteA) 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
C. Parts may be supplied with a draft angle of 7 0 typical at the option of TI. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

24-PIN NT PLASTIC 

~
7'62±0'25 

(0.300 ± 0.010) 

7.1 (0.280) MAX 

-1 2.0 (0.080) NOM 
__ J.. 

51-:-T0.25 (0.010) NOM 

-SEATING PLANE 

105' 
goo 

24 PLACES J\-0.36 (0.014) 

\ 0.25 (0.010) 
24 PLACES 
(S.e Note B) 

)4-------- 31,8 (1.250) _______ ---01 
26.6 (1.125! 

':::.::.::=1:: v v: v v: V: I 
0.38 (0.015) 

00000000008@ 
MIN 1.78 (0.070) -1 r--l.14 (0.045) 24 PLACES 

5.08 (b200) ~i 
M1AX -'f

J
- -.j r- l •14 (0045)MIN 

24 PLACES 
I I 

- ~ ~ .-J L 0.533 (0 021) 
4.06 (0.160) "I r- 0.381 (0015) 

3.17 (0.125) 24 PLACES 

2.16 (0 085) (S.e Note B) 
0.71 (0028) PIN SPACING 2.54 (0 100) T P. 
4 PLACES (Se. Note A) 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ".!} 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

24-PIN NW PLASTIC 
32,8 (1,2901 MAX-----+I 

@@@@@@@@@@@@ 

14'~6~55011 CD CD @ 0 ® ® 0) ® ® @ @ @ 
2,0 (0.0801 NOM H ~25 (0.0101 NOM -1 r 1,78 (0.0701 MAX 24 PLACES 

-u-,- ~-. ~_.-__ ..J ~ 5,08 (0.2001 MAX 

-SEATINGPLANE.-- J L -Ij 
~ 24 PLACES 0,51 (0.0201 MIN _ 

0,28 t 0,08 -Ii'"""" J I ~ 0,83 (0.0331 MIN J 3,17 (0.1251 MIN 
(0.011 t 0.0031 24 PLACES I~' 24 PLACES 

24 PLACES O,457:t 0,076 I+- 2,42 (0.0951 MAX l-
(See Note BI (0.018:t 0.0031 4 PLACES 

24 PLACES PIN SPACING 2,54 (0.1001 T. P. 
(See Not. BI ISe. Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

28-PIN N PLASTIC 

1------36,6 (1.4401 MAX----~ 

«itr,(d~:::OOO~~1'j "'~~~~r---O) ---r 
. .J.. 5.08 (0.2001 MAX 

t -_SEATING PLANE J l 
105

0 -r-. ~ 3,17 10.1251 MIN 
90° 0,28 ! 0.08 0 46 ~ 0 08 11 (0.01 1 , 0.0031 (0.018! 0:0031..1 10- j 0,84 (0.0331 MIN 

PIN SPACING 2,54 (0.1001 T. P. (O~~~ : ~:~~Ol 
, (See Not. AI 1,52 (0.0601 NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

40-PIN N PLASTIC 

, I' 53,1 (2.090) MAX I 

""~~~:~::~<~:::::::::::::::::: I 
o .@ 

«t. 15,24 ± 0,25 «t. 

0,51 (0.020) . ~
(0.600 ± 0.010)J 

1 ""---.--..1 5,08 (0.200) MAX 

~. - SEATING PLANE-r- 3.17 (0.125) MIN t ... . ~ .. ;: .~, ... " 
"·",;,:",,,U ,,:.,,;.:oo"~J~. ~'84(0'033)MIN \ . I 2,41 (0.095) 

PIN SPACING 2,54 (0.100) T.P. 1 40 (0055) 
(See Note A) 1,52 (0.060) NOM ' . 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

48-PIN, 52-PIN, AND 64-PIN N PLASTIC 

t=A:j '''~~E :1 ~~ ~ 
~900, ~ 

~ DIM 

A ± 0,25 (0,010) 

BMAX 

CD----------------------------~ 
PIN SPACING IS 2,54 (0.100) T.P. 

(See Note AI 

48 52 

15,24 (0,600) 15,24 (0.600) 

62,2 (2.45) . 67,3 (2.65) 

64 

22,86 (0.900) 

81,3 (3.20) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 
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TI Sales Offices .TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARIZONA: Phoenix (602) 995·1007; 
Tucson (602) 624·3276. 

CALIFORNIA: Irvine (714) 660·8187; 
Sacramento (916) 929·1521; 

~:~t~l~r:'~~!6k~~~o~~bb; 
Torrance (213) 217·7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368·8000. 

CONNECTICUT: Wallingford (203) 269·0074. 

FLO RI DA: Ft Lauderdale (305) 973·8502; 
Maitland (305) 660·4600; Tampa (813) 870·6420. 

GEORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Helghls (312) 640·2925. 

INDIANA: Ft Wayne (219) 424·5174; 
Indianapolis (317) 248·8555. 

IOWA: Cedar Rapids (319) 395·9550. 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Waltham (617) 895·9100. 

MICHIGAN: Farmington Hills (313) 5531500; 
Grand Rapids (616) 957·4200. 

MINNESOTA: Eden Prairie (612) 828·9300. 

~t~S~~~sR!31K~n56'::.7~~6. (816) 523·2500; 

NEW JERSEY: Iselin (201) 750·1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463·9291; 
Endlcolt (607) 754·3900; Melville (516) 454·6600; 
Pittsford (716) 385·6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 527·0930; 
Raleigh (919) 876·2725. 

OHIO: Beachwood (216) 464·6100; 
Dayton (513) 258·3877. 

OREGON: Beaverton (503) 643·6758. 

PENNSYLVANIA: Ft. Washington (215) 643·6450; 
Coraopolis (412) 771·8550. 

PUERTO RICO: Hato Rey (809) 753·8700 

TEXAS: Austin (512) 250·7655; 
Houston (713) 778·6592; Richardson (214) 680·5082; 
San Antonio (512) 496·1779. 

UTAH: Murray (801) 266·8972. 

VIRGINIA: Fairfax (703) 849·1400. 

WASHINGTON: Redmond (206) 881·3080. 

WISCONSIN: Brookfield (414) 785·7140. 

CANADA: Nepean, Ontario (613) 726·1970; 
Richmond Hill, Ontario (416) 884·9181; 
St Laurent, Quebec (514) 335·8392. 

TlRegional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clara (408) 748·2220. 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS: Arlington Heights (312) 640·2909. 

MASSACHUSETTS: Waltham (617) 895·9197. 

TEXAS: Richardson (214) 680·5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232·3200 

OUTSIDE USA: (214) 995·6611 
(8:00 a.m. - 5:00 p.m. CST) 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
General Radio Supply. Company 
Graham Electronics 
Kierulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories, . 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837·6955; 
Kierulff (205) 883-6070; Marshall (205) 881 ·9235. 

ARIZONA: Arrow (602) 968·4800; 
Kierulff (602) 437·0750; Marshall (602) 968·6181; 
Wyle (602) 866·2888. 

CALIFORNIA: Los AngeleslOrange County: 
Arrow (818) 701·7500, (714) 838·5422; 
Kierulf! (213) 725·0325, (714) 73,·57", (714) 220·6300; 
Marshall (818) 999·5001, (818) 442·7204, 
(714) 660·0951; R.V. Weatherford (714) 966·1447, 
(213) 849·3451, Wyle (213) 322·8100, (818) 880·9001, 
(714) 863·9953; Zeus (714) 632-6880; 
Sacramento: Arrow (916) 925·7456; 
Marshall (916) 635·9700; Wyle (916) 638·5282; 
San Diego: Arrow (619) 565·4800; 
Kierulf! (619) 278·2112; Marshall (619) 578·9600; 
Wyle (619) 565·9171; 
San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487·4600; Kierulff (408) 971·2600; 
Marshall (408) 943·4600; Wyle (408) 727·2500; 
Zeus (408) 998·5121. 

COLORADO: Arrow (303) 696·1111; 
Kierulff (303) 790·4444; Wyle (303) 457·9953. 

CONNECTICUT: Arrow (203) 265·7741; 
Diplomat (203) 797·9674; Kierulff (203) 265·1115; 
Marshall (203) 265·3822; Milgray (203) 795·0714. 

FLORIDA: Ft Lauderdale: Arrow (305) 429·8200; 
Diplomat (305) 974·8700; Kierulff (305) 486·4004; 
Orlando: Arrow (305) 725·1480; 
Marshall (305) 841·1878; Milgray (305) 647·5747; 
Zeus (305) 365·3000; Tampa: Arrow (813) 576·8995; 
Diplomat (813) 443·4514; Kierulf! (813) 576·1966. 

TEXAS 
INSTRUMENTS 

Creating useful products 
and services for you. 

GEORGIA: Arrow (404) 449·8252; 
Kierulf! (404) 447·5252; Marshall (404) 923·5750. 

ILLINOIS: Arrow (312) 397·3440; 
Diplomat (312) 595·1000; Kierulff (312) 250·0500; 
Marshall (312) 490·0155; Newark (312) 784·5100. 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Graham (317) 634·8202; Marshall (317) 297·0483; 
Ft Wayne: Graham (219) 423·3422. 

IOWA: Arrow (319) 395·7230. 

~~~~!~:(:;a3)s::21\t!i.Arrow (913) 642·0592; 

MARYLAND: Arrow (301) 995·0003; 
Diplomat (301) 995·1226; Kierulff (301) 636·5800; 
Milgray (301) 995·6169; Marshall (301) 840·9450; 
Zeus (301) 997·1118. 

MASSACHUSETTS: Arrow (617) 933·8130; 
Diplomat (617) 935-6611; Kierulf! (617) 667·8331; 
Marshall (617) 272-8200; Time (617) 532·6200; 
Zeus (617) 863·8800. 

MICHIGAN: Detroit: Arrow (313) 971·8220; 
Marshall (313) 525·5850; Newark (313) 967-0600; 
Grand Rapids: Arrow (616) 243·0912. 

MINNESOTA: Arrow (612) 830·1800; 
Kierulf! (612) 941·7500; Marshal: (612) 559·2211. 

MISSOURI: St. Louis: Arrow (314) 567·6888; 
Kierulf! (314) 739·0855. 

NEW HAMPSHIRE: Arrow (603) 668-6968. 

NEW JERSEY: Arrow (201) 575·5300, (609) 596·8000; 
Diplomat (201) 785·1830; 
General Radio (609) 964·8560; Kierulf! (201) 575-6750; 
(609) 235·1444; Marshall (201) 882·0320, 
(609) 234·9100; Milgray (609) 983·5010. 

NEW MEXICO: Arrow (505) 243·4566. 

NEW YORK: Long Island: Arrow (516) 231·1000; 
Diplomat (516) 454·6400; Marshall (516) 273·2053; 
Milgray (516) 420·9800; Zeus (914) 937·7400; 
Rochester: Arrow (716) 427·0300; 
Marshall (716) 235·7620; 

~r~fg~~~'<~;~)~51.1~og:t~~~~~11 (607) 798·1611. 

NORTH CAROLINA: Arrow (919) 876·3132, 
(919) 725·8711; Kierulf! (919) 872·8410; 
Marshall (919) 878·9882. 

OHIO: Cleveland: Arrow (216) 248·3990; 
Kierulf! (216) 587·6558; MarShall (216) 248·1788. 
Cotumbus: Arrow (614) 885·8362; 
Dayton: Arrow (513) 435·5563; Graham (513) 435·8660; 
Kierulf! (513) 439·0045; Marshall (513) 236-8088. 

OKLAHOMA: Arrow (918) 665·7700; 
Kierulf! (918) 252·7537. 

OREGON: Arrow (503) 684·1690; 
Kierulf! (503) 641·9153; Wyle (503) 640·6000; 
Marshall (503) 644·5050. 

PENNSYLVANIA: Arrow (412) 856·7000, 
(215) 928·1800; General Radio (215) 922·7037. 

RHODE ISLAND: Arrow (401) 431·0980 

TEXAS: Austin: Arrow (512) 835·4180; 
Kierulff (512) 835·2090; Marshall (512) 837-1991; 
Wyle (512) 834·9957; Dallas: Arrow (214) 380-6464; 
Kierulf! (214) 343·2400; Marshall (214) 233·5200; 
Wyle (214) 235·9953; Zeus (214) 783·7010; 
Houston: Arrow (713) 530·4700; 
Marshall (713) 789·6600; 
Kierulff (713) 530·7030; Wyle (713) 879·9953. 

UTAH: Diplomat (801) 486·4134; 
Kierulf! (801) 973·6913; Wyle (801) 974·9953. 

WASHINGTON: Arrow (206) 643·4800; 
Kierulff (206) 575·4420; Wyle (206) 453·8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792·0150; Kierulff 
(414) 784·8160; Marshall (414) 797·8400. 

CANADA: Calgary: Fulure (403) 235·5325; 
Edmonton: Future (403) 438·2858; 
Montreal: Arrow Canada (514) 735·5511; 
Future (514) 694·7710; 
Ottawa: Arrow Canada (613) 226·6903; 
Future (613) 820·8313; 
Quebec City: Arrow Canada (418) 687·4231; 
Toronto: Arrow Canada (416) 661·0220; 
Fulure (416) 638·4771; 
Vancouver: Fulure (604) 294·1166. 

BP 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 500 Wynn Drive, Suite 5'4, 
Huntsville, AL 35B05, (205) 837·7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 8502', (602) 995·'007. 

CALIFORNIA: Irvine: 1789' Cartwright Rd., Irvine, 
CA 92714, (7'4) 660·8'87; Sacramento: '900 Point 
West Way, Suite 17', Sacramento, CA 958'5, 

~~I~~ 9J:'~~~' bf:gno~!!2~2~~~~ (~\~) 2~~~0~;ve. 
San!a Clara: 5353 Bet?, Ross Dr., Santa Clara, CA 

~~~~:n~:?~1~~i2'3)'2~~~0~r Knox St., 
Woodland Hills: 2'220 Erwin St., Woodland Hills, 
CA 9'367, (818) 704·7759. 

COLORADO: Aurora: '400 S. Polomac Ave., 
Suite 10', Aurora, CO BOOI2, .(303) 368·8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269·0074. 

FLORIDA: Ft. Lauderdale: 2765 N.w. 62nd St., 
Ft. Lauderdale, FL 33309, (305) 973·8502; 
Maitland: 260' Maitland Center Parkway, 
Maitland, FL 32751, (305) 660·4600; 
Tampa: 5010 W. Kennedy Blvd., Suite 10', 
Tampa, FL 33609, (8'3) 870-6420. 

GEORGIA: Norcross: 55'5 Spalding Drive, Norcross, 
GA 30092, (404) 662·7900 

~r~ll~g?~~: ~~~~t~~~LH~~~~:(~~~) ~40~J~~~qUin, 
:~~:8~~,: (~~'9~:I:;~$~~0 Inwood Dr., Ft. Wayne, 
Indianapolis: 2346 S. Lynhurst, Suite J·400, 
Indianapolis, IN 4624', (317) 248·8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395·9550. 

MARYLAND: Baltimore: , Rulherford PI., 
7'33 Rutherford Rd., Baltimore, MO 2'207, 
(301) 944·8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02'54, (617) 895·9'00. 

~~~~~~~~~ ~rl~I~I~~~gl(~n7;l3~5Jl Mile Rd., 

MINNESOTA: Eden Prairie: "000 W. 78th St., 
Eden Prairie, MN 55344 (6'2) 828·9300. 

MISSOURI: Kansas City: 80BO Ward Pkwy., Kansas 
City, MO 64"4, (8'6) 523-2500; 
51. Louis: "8'6 Borman Drive, St. Louis, 
MO 63'46, (3'4) 569-7600. 

NEW JERSEY: Iselin: 485E U.S. Route' Soulh, 
Parkway Towers, Iselin, NJ 08830 (20') 750·'050 

NEW MEXICO: Albuquerque: 2820·D Broadbent Pkwy 
NE, Albuquerque, NM 87'07, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY '3057, (3'5) 463·929'; 
Endicott: "2 Nanticoke Ave., P.O. Box 6'8, Endicott, 
NY '3760, (607) 754·3900; Melville: , Huntington 
Quadrangle, Suite 3C'0, P.O. Box 2936, Melville, 
NY '1747, (516) 454-6600; Pittsford: 285' Clover St., 
Pittsford, NY '4534, (7'6) 385-6770; 
Poughkeepsie: 385 South Rd., Poughkeepsie, 
NY '260', (9'4) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 282'0, (704) 527-0930; 
~~e49~kl.~~~iBP;~72d5s Blvd., Suite '00, Raleigh, 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44'22, (2'6) 464-6'00; 
g~~5~3~:(~f~)~~J~3~7i'24 Linden Ave., Dayton, 

OREGON: Beav.rton: 6700 SW '05th St., Suite "0, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Ft. Washington: 260 New York Dr., 
Ft. Washington, PA '9034, (2'5) 643·6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
Coraopolis, PA '5'08, (4'2) 77'-8550. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 
Suite 505. Hato Rey, PR 00919, (B09) 753-8700. 

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769, 
(512) 250-7655; Richardson: 1001 E. Campbell Rd., 
Richardson, TX 75080, 
(2'4) 680-5082; Houston: 9'00 Southwest Frwy., 
Suite 237, Houston, TX 77036, (7'3) 778-6592; 
San Antonio: '000 Central Parkway South, 
San Antonio, TX 78232, (5'2) 496·1779. 

UTAH: Murray: 520' South Green SE, Suite 200, 
Murray, UT 84'07, (BO,) 266·8972. 

VIRGINIA: Fairfax: 2750 Prosperity. Fairfax, VA 
22031, (703) 849-1400. 

WASHINGTON: Redmond: 50'0 '48th NE, Bldg B, 
Suite '07, Redmond, WA 98052, (206) 881·3080. 

WISCONSIN: Brooklleld: 450 N. Sunny Slope, 
Suite 150, Brookfield, WI 53005, (4'4) 785·7140. 

CANADA: Nepean: 30' Moodie Drive, Mallorn 
Center, Nepean, Ontario, Canada, K2H9C4, 

Wi~3~~~~;J9~~i ~!~h"'~~~~~~~i;,8ga~~~~e St. E, 
(4'6) 884·9'8'; St. Laurent: Ville St. Laurent Quebec. 

~~~~J~a~~s~R;'~~,~ili'5~8t39~~urent, Quebec, 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda '30, '5th Floor, '035 Buenos 
Aires, Argentina, , + 394·3008. 

AUSTRALIA (l NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6·10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 
2 + 887·"22; 5th Floor, 4'8 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
17' Philip Highway, Elizabeth, South Australia 5"2, 
8 + 255·2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
~2~~~~:~~O~be B/'6, .A·2345 Brunn/Geblrge, 

~~~~~~Mde~~::~ ~~~~t~~:~:~~~ R~:IS~U~ ~~~~e, 
"30 Brussels, Belgium, 2/720.BO.00. 

BRAZIL: Texas Instruments Electronlcos do Brasil 
~~~a~a~~~, ~ar~iI~e06~5~~U Andar Plnhelros, 05424 

DENMARK: Texas Instruments AIS, Malrelundvej 
46E, DK·2730 Herlev, Denmark, 2 • 9' 7400. 

FINLAND: Texas Instruments Finland OY: 
Teoilisuuskatu '9D 005" Helsinki 5', Finland, (90) 
70'·3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Vllleneuve·Loubet, . 
(93) 20·0,-Ql; Paris Office, BP 67 6·'0 Avenue 
Morane·Saulnler, 78'4' Velizy·Viliacoublay, 
(3) 946·97·'2; Lyon Sales Office, L'Oree D'Ecully, 
Batlment B, Chemin de la Forestiere, 69'30 Ecully, 

~~ ~;~~~g~~t6~~~~us~r~:~~~~fg~~'e~~ Sebastopol 

~Bfl~2ri~:n6~:.(gme;i.~:~; ~~~I~~:au~~I~a~~~~e, 
Le Perlpole-2, Chemin du Plgeonnler de la Ceplere, 
3'100 Toulouse, (61) 44·'8-'9; Marseille Sales Office, 
Noilly Paradls-'46 Rue Paradis, '3006 Marseille, 
(91) 37·25·30. 
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GERMANY (Fed. Republic of Germany): Texas 
Instruments Deulschland GmbH: Haggertystrasse 1, 
D·B05O Freising, 8'6' +BO·4591; Kurfuerstendamm 
'95/196, D·looo Berlin '5, 30+882·7365; III, Hagen 
43/Kibbelstrasse, ,'9, D·4300 Essen, 20'·24250; 
Frankfurter Allee 6·8, 0-6236 Eschborm " 
06'96 + B070; Hamburgerstrasse ", 0·2000 Hamburg 
76,040+220·'154, Klrchhorsterstrasse 2, D·3000 

~~~~~v~~;fll'd~~~ ~~~:l~~~~al,b,a~~wg8f; '1, 

~~\~~~1~~31Jl9, ~~:~t7aas~~u,re, ~5:g0+ ~~~I~~'; 
26' +35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong. 3 + 722·'223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
'8313". 
ITALY: Texas Instruments Semiconduttorlltalia Spa: 
Viale Delle Sclenze, ',020'5 Clttaducale (Rieti), 
Italy, 746 694.'; Via Salarla KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), lIaly, 6+9003241; Viale 
Europa, 38·44, 20093 Cologno Monzese (Milano), 
2253254'; Corso Svlzzera, 185, '0100 Torino, Italy, 
" 774545; Via J. Barozzl 6, 40100 Bologna, Italy, 5' 
35585'. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 

~~~y~~~~p~~' ~b~I~-4~~2'~~; l1~~~~~ra~~n;,tgt,u, 
Nlssho Iwal Bldg., 30 Imabashl 3· Chome, 
Hlgashl·ku, Osaka, Japan 54', 06·204·'88'; Nagoya 
Branch, 7F Daini Toyota West Bldg., '0-27, Melekl 
4·Chome, Nakamura·ku Nagoya, Japan 
450, 52·583·869'. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 

~~;:'~~0~:~~o~~~~a:n4~~88bfangnam.ku, 
MEXICO: Texas Instruments de Mexico SA: Mexico 
g~~: ~6~fg'.'"5~Zf60~0 - 10th Floor, Mexico, 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannal Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 27468'. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box '2995, (Bullewijk) 1100 CB Amsterdam, 
Zuld-Oost, Holland 20+56029". 

~~~~:~hi.eb~~d~~t~uo~~~~ (~)or~;6~:S: PB106, 

PHILIPPINES: Texas Instruments Asia Ltd.: '41h 

~~~~i;~~e~~g:!~I~i,d~hl~~~rn~:~~~ g~~~~~~, 
PORTUCAL: Texas Instruments Equlpamento 

5:~I~~~~~c5~ (~~7~?:15aL~~ja~~~7~n~:~~%~~~~al, 
2·948·'003. 

~~NA~t:~~N:x~~?~~lr~~~~E~~~ ~~~~~S~~;ong 
Bakar Batu, Unit OHl2, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747·2255. 

SPAIN: Texas Inslruments Espana, SA: CIJose 
Lazaro Galdlano No.6, Madrid '6, "458.'4.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverlgelilialen):Box 39'03, '0054 
Stockholm, Sweden, 8· 2354BO. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
h~~'~~ig Dietlkon (Zuerich) i/witzerland, 

TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 7' Sung·Klang Road, Taipei, 
Taiwan, Republic of China, 2 + 52'·932'. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK4' 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 6' +442·7'62. 
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Please send me the following Texas Instruments Bit-Slice Processor 
User's Guide(s): 

DB01 0 SN74AS888/890, 8-Bit-Slice Processor User's 
Guide 

DB02 0 SN74AS897, 16-Bit Barrel Shifter User's Guide 
DB03 0 74AS-EVM-8, Bit-Slice Evaluation Module User's 

Guide 
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