16-BIT CMOS IDT 49C403
MICROPROCESSOR IDT 49C403A

Integrated Deviceechnology Inc. ||  SLICE

FEATURES: DESCRIPTION:
e Monolithic 16-bit CMOS pP Slice The IDT49C403 is a high-speed, fully cascadable 16-bit CMOS
e Replaces four 2903As/29203s and a 2902A microprocessor stica. it combines the standard function of four
o Fast 2903s/29203s and one 2902 with additional control features aimed
at enhancing the performance of all bit-slice microprocessor
— 50% faster than four 2903As/29203s and a 2802 designs.
e Low power CMOS Included inthis extremely low power, yet fast IDT49C403 device
— Commercial: 250mA (max.} arbeI 3Rt§§|nirimiondal c:gt_e;) bgs;s, 64 word x 16-bit two-port expand-
N able ,4word x it egister, parity generation, signexien-
— Military: 275mA (max.) ) ) sion, multiplication/division an% norn?:liz;tigon logic. Adngtionally.
¢ Performs binary and BCD Arithmetic the IDT49C403 offers the special feature of enhanced byte support
e Expanded two-address architecture with independent, through both word/byte control and byte swap control.
simultaneous access to two, expandable 64 x 16 register files The IDT49C403 easily supports fast 100ns microcycles and will
e Word/Byte Control gg;angl; the spaedf o; all existing quald fsoagégszgatzys}%?sdby
: . Being specified at an extremely low mA, the e-
* Expanded 4 x 16 Q Register . vice offers an immediate system power savings and improved
e Performs Byte Swap and Word/Byte Operation reliability.
e Fully cascadable without the need for additional carry Also featured on the IDT49C403 is an innovative diagnostics
lookahead capability known as Serial Protocol Channel (SPC). This on-chip
e Incorporates three 16-bit Bidirectional Busses feature greatly simplifies the task of writing and debugging
e Includes Serial Protocol Channel (SPC™) microcode, field maintenance debug and test, along with system
_ Flexible on-chip diagnasti testing during manufacturing.
Ip diagnastics Military grade product is manufactured in compliance with the
— Serially monitors all pin states latest revision of MIL-STD-883, Class B, making it ideally suited to
— Reads and Writes to Register File military temperature applications demanding the highest level of
& High Output Drive performance and reliability.

— Commercial: 16mA (max.}
— Military: 12mA (max.)
e Available in 108-pin PGA
e Military product compliant to MIL-STD-883, Class B
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED BLOCK DIAGRAM
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
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PIN PIN PIN PIN PIN PIN PIN PIN
No.  NAME [ DY NAME | GO NAME | (O NAME | O NAME| Lo NAME | Lo NAME | oo NAME
A1 N/C B4 | DB7 cr DCMP | E10 | W/B H1 DA2 | K4 | DAS L7 WE M10 Q
A2 Ve B5 | DB4 cs Is E11 | OEY H2 DA3 K5 | DA12 L8 B, M11 Vee
A3 OEB B6 | DB1 co IEN E12 | SiOp H3 DA5 | K& | N/C L9 Bs M12 N/C
A4 DB5 B7 | MSS C10 | Y, F1 GND H10 | Y3 K7 B L10 Q,
A5 DB3 B8 |k c11 | vs F2 DB15 | H11 | Yy4 K8 | B L1 | SCiK
A6 DBO B9 |[Ch,i6] C12 | Ys F3 DB14 | H12 | Yy K9 | WRITE { Li2 | CD
A7 GND | B10 [ BF/OVR | D1 DB11 | F1I0 | QIO | J1 DA4 | K10 | GND M1 Vee
A8 Is B11 | VY, D2 DB9 F11 | SIO5 | J2 DA6 | K11 | SDO M2 As
A9 ls B12 | Y, D3 15 F12 | QIois | 43 Ay K12 | Yys M3 DA10
A10 GIN c1 DB8 D10 | Y, G1 OEA J10 | sSDi L1 A, M4 DA13
AT Yo cz |u D11 | Yy G2 DAO J11 Yia L2 | Aa M5 DA15
A2 | Vg C3 | GND D12 | Z G3 DA1 J12 | Y2 L3 | DA9 M6 GND
B1 Iz ca |l Et DB13 | G10 | Ve K1 DA7 | L4 | DAM M7 cp
B2 Iy C5 | DB8 E2 DB12 | G11 | Y, K2 Ay L5 | DA14 M8 B84
83 Cn cs | bB2 E3 DB10 | Gi2 | GND | K3 Aj s | S8 M9 8,3
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTION

PIN NAME [J{e] DESCRIPTION

Aps 1 Six address inputs to the RAM containing the address of the RAM word appearing at output port A.

By s | Six address inputs to the RAM which selects one of the words in the RAM, the contents of which is displayec through
the B port. It also selects the location into which new data can be written when the WE input and CP input are low.

DAg-15 /o] Sixteen bi-directional data pins acting as operands R for entering external data into the ALU. DA g is the LSB. The DA
lines also function as an external output for RAM port A,

DBy_15 110 Sixteen bi-directicnal data pins for entering external data into the ALU. The DB lines act as either RAM port 8 output
data, or as input operands S to the ALU.

WE I The RAM write enable input, which when LOW causes the Y 1/0 port data to be written into the RAM when the CP input
is low. When WE is HIGH writing data into the RAM is inhibited.

OEA i Output enable, which, when HIGH selects DAg_15 as the ALU R operand, and, when LOW, selects RAM output A as the
ALU R operand and the DA;_y5 output data.

OEB i Output enable, which, when HIGH selects DBy_;5 as the ALU S operand, and, when LOW, selects RAM output B as the
ALU S operand and the DB,,_,; output data.

SIQ, 170 Bidirectional serial shift inputs/outputs for the ALU shifter. SIQ, is aninput and S10,sis an outputduring a shift-up operation.

SiOsg SIO15 is an input and SIOo is an output during a shift-down operation. Refer to Tables 4 (a, b, ¢, d) and 5 for an exact
definition of these pins.

Qig, 170 Bidirectional serial shift inputs/outputs for the Q registers shifter. They operate like SIO; and 8i0yg pins. Refer to

QIO;5 Tables 4 {a, b, ¢, d) and 5 for an exact definition of these pins.

Cn I Carry-in input to the ALU.

IEN | Instruction enable input. When LOW, it enables writing into the Q register and the Sign Compare flip-fiop. When HIGH,
the Q register and the Sign Compare flip-fiop are in hold mode. 1EN does not affect WRITE, but internally disables the
RAM write enable.

iss | Input pin, when held LOW, causes the chip to act as either stand alone sfice (SA) or the least significant slice (LSS).
When LSS is held HIGH, the chip acts as either an intermediate slice or most significant slice.

MSS | Input pin, when held LOW, programs the chip to act as either stand alone slice (SA} or the most significant stice (MSS),
and hoiding it HIGH programs the chip to act either as an intermediate slice (iS) or the least significant slice (LSS).

WRITE o The WRITE signal is LOW when an instruction which causes data to be written into the RAM is being executed. This pin
is normally connected to the WE pin.

Cn+18 (o] This output indicates the carry out of the ALU. Refer to Tables 6a and 6b for an exact definition of this pin.

P4 1o An open drain bidirectional pin. When HIGH it indicates that all outputs are LOW. Z is used as an input pin for some
special functions. Refer to Tables 6a and 6b for an exact definition of this pin.

G/N (o] G indicates the carry generate function at the least significant and intermediate slices, and indicates the sign, N, of the
ALU result at the most significant slice. Refer to Tables 6a and 6b for an exact definition of this pin.

OEY | A control input pin. When LOW the ALU shifter cutput data is enabled onto the Yo-15 lines. When HIGH the Y_5

three-state output buffers are disabled.

CP | Clock input. The Sign Compare flip-fiop and the Q register are clocked on the LOW-to-HIGH transition of the CP signal.
WhenWE and CP are LOW, data is written into the RAM.

P/OVR (o] P indicates the carry propagate function at the least significant and intermediate slices, and indicates the conventional
two’s complement overflow, OVR, signal at the most significant slice. Refer to Tables 6a and 6b for an exact definition
of this pin.

Yo-15 /0 Sixteen bi-directional data pins. Controlled by OEY input, the ALU shifter output data can be enabled onto these lines, or
external data is written directly into the RAM using these lines as data inputs.

loa i The nine instruction inputs used to select the IDT49C403 operation to be performed.

Qg1 I Two address pins to select one of the four Q registers.

w/B | Word/Byle control pin. Used only in the standard function mode, it selects Word mode when held HIGH and Byte mode
when held LOW. Must be tied HIGH when the special functions are being used.

SOt 1 Serial Data Input pin, used for receiving diagnostic data and commands from a host systern or from the SDO pinofa
cascaded processor.

sSDO o] Serial Data Output pin, used for transmitting diagnostic data and commands to a host system or a cascaded processor
via its SDI pin.

c/b | Input pin, when LOW defines the bit pattern being received at the SD!I pin as Data, and when HIGH defines the incoming
pattern as a Command for executing diagnostic functions. This pin should be tied HIGH when the diagnostics feature is
nat being used.

SCLK | Input pin used for clocking in diagnostic data and command information at the SDI pin. This pin should be tied LOW
when the diagnostics function is not being used.

DCMP (o] Output pin, which, when HIGH indicates that the internal comparison between the Y or Q bus data and the data from
the diagnostics data register resulted in a TRUE (they were equal). This feature is used for breakpoint detection. It is an
open-drain pin and can be wire AND with other DCMP pins.
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DEVICE ARCHITECTURE

The IDT49C403 CMOS microprocessor slice is configured six-
teen bits wide and is cascadable to any number of bits (32, 48, 64,
etc.). Key elements which make up this sixteen-bit microprocessor
slice are: (1) the RAM file (a 64 x 16 dual-port RAM) with latches on
both outputs. (2) a high-performance ALU with shifter, (3} a flexible
Q register file (4 x 16 bits) with shifter input, (4) a nine-bit instruction
decoder, and (5) Serial Protocol Channel.

The IDT49C403 incorporates Serial Protocol Channel (SPC™)
For system testing and debugging purposes SPC is a method by
which data can be entered into and extracted from a device
through a serial data input output, thus providing accessto all inter-
nal registers.

REGISTER FILE

The Register File is composed of 64 x 16 bit RAM locations. The
RAM data is read from the A-port as controlled by the 6-bit A ad-
dress field input. Simultaneously, data can be read from the B port
as defined by the 6-bit B address field input. If the same address is
applied at both the A input field and the B input field, identical data
will appear at the two respective output ports. Data is written into
the RAM when WE, 1EN and the clock CP are LOW. Both the RAM
output data latches are transparent while CP is HIGH and latch the
data when CP is LOW. The three-state output enable OE OEB atiows
RAM B port data to be read at the DB I/O port, while OEA performs
the same function for the A port data at the DA I/O port.

New data is written into the RAM word defined by the B address
field. External data at the Y /O port can be written directly into the
RAM, or the ALU shifter output data can be enabled onto the Y 1/O
port and written into the RAM.

ALU

The ALU can perform seven arithmetic and nine logic opera-
tions on the two 16-bit input words S and R. Multiplexers atthe ALU
inputs allow selection of various pairs of ALU source operands.
The OEAinputselects either external DA data or RAM A port output
data as the 16-bit R source operand. The OEB and lo inputs pro-
vide selection of either RAM B port output, external DB data or the
Q register file output as the 16-bit S source operand. Also, during
certain ALU operations, zeroes are forced at the ALU operand in-
puts. Thus, the ALU can operate on data from two external sources,
from an extarnal and an intemal source, or from two intemal
sources. Table 1 shows all possible pairs of source operands as
selected by OEA, OEB, and lo inputs.

Table 1. ALU Operand Sources(!

OEA [ OFEB| ALUOPERANDR | ALU OPERAND S

L L L Ram Output A Ram Output B

L L H Ram Output A DBg-1s

L H X Ram Output A Q Register

H L L DAo-15 Ram Output B

H L H DAo-15 DBg_15

H H X DAg-15 Q Register
NOTE:
1. L = LOW, H = HIGH, X =DON'T CARE

The ALU performs special functions when instruction bits Is, I2,
11, and lp are LOW. Table 5 defines these special functions and the
operation which the ALU performs for each instruction. When the
ALU executes instructions other than the special functions, the op-
eration is defined by instruction bits 14, I3, 2, and 1. Table 2defines
the operation as a function of these four instruction bits.

Table 2. IDT49C403 ALU Functions(
lg | 13 > Iy lo ALU FUNCTIONS
L L L] L L Special Functions
Lfcetofofnr] §=HeH
L L L H X F=S-R-1+C,
L L H L X F=R-S-1+G,
L L H H X F=R+S+Cp
L H L L X F=S+C,
Ll{H|LjH]|X F=S+Cn
L H H} L L Reserved Special Functions
L H H L H F=R+Cn
L H H| H L Reserved Special Functions
L H! H| H| H]| F=R+GCs
H L L L L Special Functions
Hl L] vl o] H| F=tow
Hl L} LUL|H]|X =R ANDS
H| v | H|] L] x| R =R, EXCLUSIVE NOR S,
Hf{L|[H|]HIX]| F =R EXCLUSIVEORS,
HfH| L{L]|X]| F=RANDS,
Hi{H| L|[H] x| F =R NORS,
H| H]| H| L] x| R =R NANDS,
H H H H X L =R, OR S|

NOTE:

1. L=LOW, H=HIGH, i=0 to 15, X=Don't Care

The IDT49C403 may be cascaded in either a ripple cany or
carry lookahead fashion. When configured as cascaded ALUS, the
iDT49C403s must be programmed to be a most significant slice
(MSS), anintermediate slice (IS), or a least significant slice (LSS) of
the array. The carry generate, G, and carry propagate, P, signals
that are necessary in a cascaded system are available as outputs
on the IDT49C403 least significant and intermediate slices.

The IDT49C403 provides a carry-out signal Cn + 16 Which is
available as an output of each slice. The carry-in, Ca, and carry-out,
Cn + 18, are both active HIGH. Two cther status outputs are gener-
ated by the ALU. These are the negative, N, and the overflow, OVR.
The N output indicates positive or negative results, while the OVR
output indicates that the arithmetic operation performed exceeded
the available two’s complement range. Thus the pins G/N and
P/OVRindicate carry generate or propagate on the least significant
and intermediate slice, and sign and overflow on the most signifi-
cant slice.

Refer to Tables 6a and 6b for an exact definition of these four
signals.

ALU DESTINATION CONTROL

The following tables show how the shifter at the output of the
ALU should function for non-special instructions. The main addi-
tion with respect to the IDT39C203 is the built in byte capability.

The 49C403 has two write enables intermnally. One for the upper
byte and one for the lower byte. The enables are controlied by the
instruction decode, external WE and the W/B input. For conven-
ience to the user, the unused bits_on the Y bus (MSB, .....,8) are
zero during byte operation. The WE input must be directly con-
nected to the WRITE output, or indirectly through some amount of
gating {i.e., expansion RAM decoding gates).
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1IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

The sign extend function is an exception to the rule with regard
to the internal byte write enables. When executed, all of the write
enables are active, irrespective of W/B . In the SA and LSS slices,
the contents of bit 7 is replicated on bits 8 to 15 and SI01sin the byte
mode. In the word mode bit 15 is placed on SlO1s. In this way an
8-bit word (byte) or a 16-bit word can be extended to the entire
width of the native data path. Extends of larger words than these,
such as 24 and 32 bits, can be achieved by steering the MSS and
LSS inputs of the IS slices to inform which device has the sign bitto
extend. As Sign Extend requires internal gating of the write enables
to the upper and lower portions of RAM, the instruction will not work
with locations in memory expansion RAM.

ALU SHIFTER

The ALU shifter shifts the ALU output data under instruction
control. It can shift up one bit position (2F), shift down one bit posi-
tion (F/2), or pass the ALU output non-shifted (F). An arithmetic

shift operation shifts the data around the most significant (Sign) bit
of the most significant slice and a logical shift operation shifts the
data through the most significant bit. Figure 1 shows these shift
patterns. The SIO¢ and SlO1s are bidirectional serial shiftinput/out-
put pins. During a shift-up operation, SIOo is generally an input
while SlO15 is an output, whereas during a shift-down operation
SI0p is generally an output while SIO1s acts as an input. Refer to
Tables 4 (g, b, ¢, d) and 5 for an exact definition of these pins.

The ALU shifter also provides sign extension and parity generat-
ing/checking capabilities. Under instruction control, the SIOo
(Sign) input can be extended through Yo, Y1, Yz,
gated to the SIO1s output. A cascadable, five-bit parity generator/
checking generates parity for the Fo, F1, F2, Fis ALU outputs
and SI01s input and, under instruction controk, is made available at
the SiOp output.

SIOy5 , SI0g
ARITH. ] oooooo0o0o0]N { G |—]
BYTE MSB 8 7 6 0
OPERATION SIOs 1 SI0o
LOG. | l i : |_|
MSB 8 7 0
SIOs -— Si0g
ARITH. I N l i G }-—l
WORD MSB 14 0
OPERATION SIOss SI0g
LOG. <—l_-l ; |—I
MSB 0

Figure 1. IDT49C403 Arithmetic and Logical Shift Operations

Table 5 defines the special functions and the operation the ALU
shifter performs for each instruction. For instructions other than the
special functior.s, the ALU shifter operation is determined by in-
struction bits lg, I7, ls, and Is. Table 4 (a, b, ¢, d) defines the ALU
shifter operation as a function of these four bits.

WORD/BYTE CONTROL AND BYTE SWAP

In addition to the special ALU functions, the IDT49C403 also
provides a Word and Byte control and Byle Swap features.

The W/B| pin at the Instruction Decoder input selects ALU opera-
tion on either a Word or a Byte. When W/B is HIGH, the ALU oper-
ates ona Word and, when W/B is LOW, the ALU operates on a Byte.
Table 4 (a, b, ¢, d) shows.the ALU Destination Controls for Word
and Byte operations for each instruction mode.

The Byte Swap special function allows the positions of the Up-
per and Lower bytes to be swapped before entering them as the
ALU S operand. The ALU function then adds Cn to this swapped
word as its F output. Table 5 shows the instruction set that allows
the ALU to operate the Byte Swap feature.

Q REGISTER FILE

The Q register is a separate 4-word by 16-bit file intended pri-
marily for multiplication and division routines and can also be used
as an accumulator or holding register for other types of applica-
tions. The ALU output, F, can be loaded into the Q register and/or
the Q register output can be selected as one of the ALU S oper-
ands. The shifter at the input to the Q register performs only logical

shifts. It can shift-up the data one bit position (2Q) or down one bit
position (Q/2). For a shift-up operation, QIOo acts as an input while
QIO1s acts as an output; whereas, for a shift-down operation, QiOo
isan output and QIO1s is an input. By connecting QIO1s of the most
significant slice to SIOo of the least significant slice, double-length
arithmetic and logical shifting is possible with cascaded
IDT49C403s.

The Qo and Q1 inputs enable selection of any one of the four
16-bit Qregister files. Once a specific Q register has been selected,
access to the other three Q registers is disabled and can be
gained only after changing Qo and Q1 levels to enable a different Q
register.

Table 5 defines the special functions and the operations which
the Q register and shifter perform for selected instruction inputs.
While executing instructions other than the special functions, the Q
register and shifter operation is controlted by instruction bits{s, I7, le
and Is. Table 4 (a, b, ¢, d) defines the Q register and shifter
operation as a function of these four bits.

INSTRUCTION DECODER

The internal control signals necessary for the operation of the
IDT49C403 are generated by the instruction decoder as a function
of the nine instruction inputs, lo-s; the instruction enabie input,
IEN; the LSS input; the MSS input; the W/B input and the WRITE
output.

The WRITE output is LOW when an instruction which writes data
into the RAM is executed. Refer to Tables 4 (a,b,¢,d) and 5 for
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a definition of the WRITE output as a function of the instruction
inputs.

When TEN is HIGH, the Q register and Sign Compare Flip-Flop
contents are preserved. When IEN is LOW, the WRITE output is en-
abled and the Q register and Sign Compare Flip-Flop can be writ-
ten according to the IDT49C403 instruction. The Sign Compare
Flip-Flop is an on-chip flip-flop which is used during a divide op-
eration. See Figure 2.

RisV Rs
e
AORC b a
EN | SIGN
cP—CLK @ I COMPARE

Figure 2. Sign Compare Flip-Flop

SLICE POSITION PROGRAMMING

The IDT49C403 can be programmed to operate in either a cas-
caded application or in the standalone mode. Table 3 shows its
four programmed modes.

Table 3. SLICE Programming

SLI%‘E_S%ROGRAM INg;S MODE OF OPERATION
LOW LOW Stand Alone Slice (SA)
LOW HIGH Most Significant Slice (MSS)
HIGH HIGH Intermediate Slice (IS)
HIGH LOW Least Significant Slice {LSS)
SPECIAL FUNCTIONS

Seventeen special functions are pravided on the IDT49C403
which permit the implementation of the following operations:

Single and Double Length Normalization

Two’s Complement Division

Unsigned and Two's Complement Multiplication

Conversion Between Two’s Complement and Sign/Magnitude
Representation

Incrementation and Decrementation by One or Two

s BCD Add, Subtract, and Divide by Two

Single and Double-precision BCD-to Binary and Binary-to-BCD
Conversion

Byte Swap

Adjusting a single-precision or double-precision floating-point
number in order to bring its mantissa within a specified range can
be performed using the single-length and double-length normali-
zation operations.

Three special functions can be used to perform a two’s comple-

ment, non-restoring divide operation. They provide single and
double-precision divide operations and can be performed in “n”
clock cycles (where “n” is the number of bits in the quotient).

The unsigned multiply special function and the two two’s com-
plement multiply special functions can be used to multiply two
n-bit, unsigned or two’s complement numbars respectively, in ‘n’
clock cycles. During the last cycle of the two's complement muiti-
plication, a conditional subtraction rather than addition is per-
formed due tothe fact that the sign bit of the multiplier carries nega-
tive weight.

The sign/magnitude —two’s complement special function can
be used toconvert number representation systems. A number
expressed in sign/magnitude representation can be converted to
the two's complement representation, and vice-versa, in one clock
cycle.

Incrementing an unsigned or two’s complement number by one
or two is easily accomplished using the increment by one or two
special function.

In addition to BCD arithmetic special functions to add or sub-
tract two BCD numbers, a BCD divide by two adjust instruction
can be used to obtain a valid BCD representation after shifting a
number down by one bit.

The BCD/Binary conversion special function instructions permit
single and double-precision algorithms to convert from BCD-to-
Binary and from Binary-to-BCD.

The Byte Swap feature aliows the swapping of Lower and Upper
bytes of a word before presenting them as the ALU S operand. The
ALU then adds the carry Ch to this swapped word to form its F out-
put. This feature functions only for the ALU S operand.

SERIAL DIAGNOSTICS

The Serial Pratocol Channel ™ (SPC) is a flexible on-chip fea-
ture of the IDT49C403 and is a set of pins by which data can be
entered into and extracted from a device through a serial data input
and output port.

SPC can be used at many points in the life of a product for diag-
nostic purposes such as system level design debug and develop-
ment; system test during manufacturing and field maintenance de-
bug and test. It allows for observation of critical signals deep within
the system. During system test, when an error is observed, these
signals may be modified in order to zero in on the fault in the sys-
tem. Serial diagnostics is primarily a scheme utilizing only four
pins to examine and alter the internal state of a system for the pur-
pose of monitoring and diagnosing system faults.

Detailed SPC Architecture of the IDT49C403 Bit-
Slice Microprocessor

The IDT49C403, a quad Am2903/29203 16-bit microprocessor
slice, which includes an ALU and register file, is one of the devices
on which IDT has incorporated the Serial Protocol Channel. The
implementation of SPC on the IDT49C403 is shown in Figure 3.

Only four SPC pins (SDI, SDO, SCLK and C/D) are used to
sarially access the 1/0O pad cells, as well as the internal ALU
registers and buses. To control or monitor a section (such as the
ALU), the appropriate command is loaded into the SPC command
register. The desired function is then executed and the status
information captured in the data register. The status information
can then be serially shifted out and observed to verify proper
system functionality.
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/0O PAD CELL

T Y7977

0992090

P R

C/D  sDo SCLK

Figure 3. Conceptual Diagram of IDT49C403 Die Incorporating SPC Scan Path

The block diagram in Figure 4 shows the detailed SPC architec- discrete signals control the serial scan path through the I/O cells.
ture for the IDT49C403. It primarily consists of serial registers for The SPC data register is in series with a RAM address register
command, data, addresses and decode/contral logic. The SPC and I/0 pad scan. The SPC data register is connected to the inter-
command register consists of a four-bit fieid (signals 4-7) and four nal bus to gain access to the RAM register file as well as a data
discrete control lines (signals 3, 2, 1, 0). The four-bit field coordi- break point feature. The point of connection is the Y bus from the
nates the transfer of data between RAM and the SPC data register, ALU back into the RAM.

as well as controls an on-chip break detect mechanism. The other
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sol & SPC COMMAND REGISTER
1 ) D 7-4 s 2 1 o o Hiiel Ity
Y Y v ¥ I
” 1
4 XFER 14 D
G
c/BD Y _|
I CCMMAND DECODEI
J O s T BYPASS ﬁm
SCLK O— cP
TO RAM
STROBES 6} READ PKgS

; FROM ALU

RAM
_—D—_>READ/WRITE | REGiren ]

ADDRESS
I YMUX
Va
716 [
Yie-o
Figure 4. Internal Organization of the SPC

The multiplexer at the output transmits information via the SDO reserved. Bits 4 through 7 form the opcode field for reading and
pin selecting data from either the SPC data register and the 1/O writing into the device.
pads or the command string from the SPC command register. The 4-bit command opcode field gives 16 possible command
IDT49C403 SPC Command Opcodes opcodes. The first 8 are reserved for writing data from the SPC data

register into the registers and RAM on the device. The second
8 opcodes are reserved for reading data from registers and RAM
into the 16-bit SPC data register.

The SPC command register consists of an 8-bit field, as shown
in Figure 5. Bit 1 enables the READ function of the /O pad cells. Bit
3 enables the BYPASS function to bypass the 1/O pad cells and
scan out only the RAM address and data registers. Bits 0 and 2are

COMMAND OPCODES SERIAL COMMAND REGISTER
OPCODE FUNCTION 7fe]s]4a]3]2]1]0
4] Write RAM
1 Write Q Registers RESERVED
2 Wirite Break Control —————— READ
3 Wirite Break Data ‘\————————— RESERVED
4 Reserved - BYPASS
5 Reserved
6 Reserved
4 Reserved COMMAND
OPCODES
8 Read RAM
9 Read Q Registers
10 Read Break Control
11 Read Break Data
12 View Y
13 Reserved
14 Reserved
15 NOP
Figure 5. SPC C d Regi: and Opcodes for the IDT49C403
S8-21
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The command with opcode 0 causes a write to the internal
device RAM. Opcode 1 is used to write to the Q registers.
Opcodes 2 and 3 are used to write data from SPC dataregister into
the break data register and break control registers, respectively.
Opcodes 4 through 7 are reserved opcodes.

Opcode 8 is used for reading RAM data into the SPC data regis-
ter. Opcode 9 is used to read a value out of the Q registers. (Hers,
also, the address register supplies the address of the Q register to
be accessed). Opcodes 10 and 11 are used for reading the break
control register and the break data register, respectively.
Opcode 12 is used to strobe data from the Z bus into the 16-bit
diagnostics data register. Opcodes 13 and 14 are reserved op-
codes. The last opcode, 15, is a no-operation opcode. This opcode
can be used to scan the data in and out of the I/0 pad cells and use
the device in a pass-through mode (in a cascaded application)
without affecting normal device operation.

All the reserved opcodes, if executed, perform a no-operation;
howaever, they should not be relied upon to always perform NOPs
as future upgrades may make use of reserved opcodes.

Accessing the Contents of the IDT49C403 Regis-
ter File

To read data from the device's internal RAM or other iogic cir-
cuitry into the SPC data register, the address and don’t care bits
(for the SPC data register) are shifted in. The command is shifted
into the SPC command register. The command register must be
decoded to determine what data paths are to be steered in orderto
get data into the SPC data register. The read strobe, generated by
the strobe logic, must then strobe this data (in parallef) into the SPC
data register. The data can now be shifted out via the SDO pin and
its contents disassembled and observed.

To perform the write operation, address and data must first be
shifted into the SPC dataregister. The command is then shifted into
the SPC command register via the command mode. This register
provides information as to what data paths are to be steered. The
address is supplied by the address register in the data scan path.
The write strobe is then generated between the time the C/D line is

lowered and the SCLK line is raised. This is the strobe which
actually clocks the data into the RAM or register in the device.

Pad Cell Scan Path

Each I/O cell on the IDT49C403 contains a flip-flop which can
be used to store the state of that cell and then be scanned out.
Figure 6 shows the logic configuration. The READ line is enabled
by a bit in the SPC command register and gated by the XFER sig-
nal, thus loading the scan flip-flops in parallei. The SCLK is then
used to scan the data out of the SDO pin in series with the address
and SPC data registers.

spo
\ T
BONDING
PAD INTERNAL
CORE CIRCUITRY
SCAN PATH
b FF
SCLK sDI READ

Figure 6. Serial Scan in the I/O Cell

The BYPASS bit in the SPC command register selects whether
the shifting of the I/O celis will be bypassed such that only the RAM
address and data registers are scanned out. When the READ bit is
HIGH, data is transferred from the pins to the scan register when
SCLK transitions HIGH after C/D has transitioned LOW. The
BYPASS bit in the command register is active HIGH so that a HIGH
level bypasses scanning the I/0 cells.

Figure 7 shows the order in which the I/O pad cells are scanned.
The clocking will shift out the data on the Yis pin first and continue
in series until the WRITE pin is shifted out last.

0 Y15 25 G/N 50 DB10 75 DAt12
1 Y14 26| CN16 51 DB11 76 DA13
2 Y13 27 15 52| DB12 77 DA14
3 Y12 28 16 53] DB13 78 DA15
4 Y11 29 17 54 DB14 79 LSS
5 Y10 30 18 55| DB15 80 CP
6 Y9 31] DCMP 56 OEA 81 WE
7 Y8 32 WSS 57 DAO 82 BO
8 QI015 33 DBO 58 DA1 83 B1
9 SI015 34 DB1 59 DA2 84 B2
10 QI00 35 DB2 60 DA3 85 83
11 SI00 36 DB3 61 DA4 86 B4
12 OEY 37 DB4 62 DA5 87 B5
13 Z 38 DB5 63 DA6 88 Q0
14 wW/B 39 DB6 64 DA7 89 Q1
15 Y7 40 DB7 65 AD 9| WRITE
16 Y6 41 OEB 66 Al

17 Y5 42 CN 67 A2

18 Y4 43 10 68 A3

19 Y3 44 1 69 A4

20 Y2 45 12 70 A5

21 Y1 46 13 71 DA8

22 Y0 47 14 72 DA9

23 IEN 48 DB8 73 DA10

24 P/N [49] DBS 74 DA11

Figure 7. Shift Order of I/O Pad Cells
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Y @
MUX
Vv
16
3 L DCMP
(OPEN DRAIN)
O ° o wx TS >
B cP—
4
T1e %7—
TO D —— v
DIAGNOSTIC 12
DATA )
REGISTER i
BREAK DATA BREAK GONTROL
REGISTER REGISTER
FROM DIAGNOSTIC ] 16, t

DATA REGISTER

7

Figure 8. Breakpoint Detect Circuitry

Breakpoint Detection on the IDT49C403

Figure 8 shows the diagnostics breakpoint detection circuit on
the IDT49C403. This circuit is designed to allow the user to monitor
certain key data buses and detect the data patternsonthe Y and Q
buses. When a data pattern is detected, a breakpoint compare sig-
nal is generated on the DCMP pin and is used to halt the system
operation. The DCMP is an open drain signal and should be wire-
ORed with DCMP lines of other similar devices and monitored by
the main sequencer in the system. The breakpoint detection
mechanism thus atlows for an easier debug of microcode with re-
gard to the data path.

At the heart of the breakpoint detection circuit is a comparator
which compares data from the break data register with data from
either the Y bus or the Q bus. The break control register determines
which of the two buses is selected for a comparison. The break
control register also steers a multiplexer at the output of the
comparator. This multiplexer selects between the equal-to signal,

latched equal-to, Vec or GND. The latched equal-to input into the
multiplexer gives the user the ability to pipeline the match signal,
thus shortening the system cycle time in the diagnostics mode.
The Vee and GND inputs to the multiplexer allow the programmer
to disable the break compare feature by forcing the DCMP pin
either LOW or HIGH, respectively.

When a match is made, the DCMP line goes HIGH. Thus, if any
one slice in a cascade application does not match, the wire-ANDed
DCMP will be low. Selecting Vce via the multiplexer will disable
matches altogether. To select GND, disable any one slice from the
comparison.

Figure 9 shows the format of the break data and break control
register. The break data pattemn is 16 bits wide, with bit 16 being the
most significant bit and last to be shifted in. The Break Control reg-
ister contains three fields. Bits 0 and 1 control the DCMP output and
bit 2 selects between the Y and the Q bus to be compared with the
break data register. Bits 3 to 15 are reserved for future expansion.

BREAK DATA BREAK CONTROL
REGISTER FORMAT REGISTER FORMAT
15 ees 3 2 1
' ! BUS DCMP

15 0
BREAK DATA PATTERNJ

SEL | CONTROL

BREAK POINT CONTROL ACCESS

BUS SEL| BUS DCMP CONTROL | DCMP STATUS
0 Y 0 g Low
1 Q 0 1 PIPELINED
1 0 NON-PIPELINED
1 1 HIGH

Figure 8. Breakpoint Control Registers and Opcodes
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The SPC version allows data to be transferred into and out of a
device and can also accommodate addresses and commands us-
ing the same number of pins. This is accomplished with a recon-
figuration of the function of the diagnostic pins and internal logic.
With this vastly expanded capability, SPC can conveniently be
used in RAMs, peripherals an complex logic functions. These new
capabilities allow the user to monitor and modify all of the storage
elements and pins of a device. With a simple hardware interface
and appropriate software, any type personal or mini computer
can be turned into a development system for IDT parts with serial
diagnostics.

Figure 10 shows the Serial Protocol Channel being used with a
writable control store in a microprogrammed design. The control

store canbe initialized through the SPC path. A register with SPCis
used for the instruction register going into the IDT49C410 (16-bit
microprogram sequencer) as well as data registers around the
IDT49C403. In this way, the designer may use the Serial Protocol
Channel to observe and modify the microcode coming out of the
writable control store, as well as observing and being able to mod-
ify data and instructions in the overall machine.

The block diagram of the diagnostics ring shows how the de-
vices with diagnostics are hooked together in a serial ring via the
SDI and SDO signals. The diagnostics signals may be generated
through registers which are hooked up to a microprocessor. This
microprocessor could conceivably be an IBM PC.

¥ ] DIAGNOSTICS
| IR DATA IN RING
(REG w/SPC) (REG w/SPC)
' )
X :
IDT49C410 |
16-BIT SEQUENCER [*7i 1
|
; IDT49C403
H ™ 16-BTALL
|
wes ! ;
IDT7198 : '
(16K x 4) { )
I t
7 I i
-t 4 : [}
SPC PIPELINE REG I DATA QUT
{REG W/SPC) ™1 (REG w/SPC)
R | 1
- v

Figure 10. Typical Microprogram Application with SPC
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Table 4a. ALU Destination Control (Word Mode) for k, b, l or 3 = HIGH, iEN = LOW

b, 11, 1| ALU SHIFTER | nEX StOrs S10 WRITE 3&2ESGI-:ISF1;'EE% Qio, Qio
* 77’8 's| FUNCTION sa | mss | s Lss ‘ FUNCTION * °
Lt L L] AithFRoY| o Input 3 L Hold z z
L L L H| Log. FRoY| 1 L Hold z z
L L HL|AihFaY| 2 L 100.0/2—=Q | Input | Q,
L L HH|Lg FRaY| 3 r L Log.02—Q [ mput | Q
L HLL FoY | 4 Parity L Hold z z
L HLH F— Y 5 H Log. Q/2— Q Input Qg
L HHL FoY | 6 H F—Q z z
L HHH F—=Y 7 r L F—=Q 4 z
HLLL|Aih2ZFY [ 8 Fia Fi Fis Fis Input L Hold z z
HLLH|Lg 2FaY | 9 Fis Fis L Hold z z
HLHL|Aih2F=Y [ A F.q F, L L0g.2Q —+Q | Oy | Input
H L HH| Log. 2F=Y B Fs Fis L 10320 —+Q | Q,5 | Input
HHLL F=Y | ¢ H Hold z z
HHLH F»Y | D l H 10g.2Q —Q | Qu; | Input
H H H L| SignExtend E SI0, SIo, L Hold z z
HHHH F— Y F Fis Rs L Hold z z
Table 4b. ALU Destination Control (Byte Mode) for I, 1, [, or I, = HIGH, IEN = LOW
ALU S10,5 $10, Q REGISTER QIOys Qi0,
Iy 1;15 Is| SHIFTER [HEX WRITE|AND SHIFT
FUNCTION sa [mss| 1s {iss| sa [mss| 1s [iss "UFUNCTION |mss/is|sa/Lss|mss/is|sanss
L L LL]|Aith F2—Y| 0 |Inpt ———————| F, |SIO[SIO6] R | L Hold z
L L L HlLog. FR—Y| 1 L Hold z
L L H L] Aith, Fr—Y| 2 L |Log.0/2—0Q [imput——1010,s | Q,
L L HHlLog. Fro—Y| 3 L | Log. Q/2—Q | Input —— [ Q045 Qo
LHLL FaY | 4 Parity Parity| L Hold z
LHLH Y| 5 H |Log. 02—@ [input———| Q1015 | Qo
LHHL F—Y | 6 H F—Q z
LHHH Foy | 7 L F—Q
HL L LJAih 2F=Y]| 8 | R sy |siq | B |Imput ——————| L Hold
HL L H|log. 2F»Y | 9 | F K L Hold
HL HL|Aith. 2FoY | A | R Fs L [tog.20 w0 |0, Q, | input———
HL HH|log. 2F=Y | B | R F L |Log. 20 —Q [ Q10, Q; | Input———
HHL L FaY | C H Hold z
HHLH F»Y| D H [Log20—=a] @0, | @; | inppt—
HHHL|SignExtend [ E L Hold z
HHHH ~Y| F L Hold z
Parity = Fis P Ryq ...... TR VT F T F VS0 L = LOW
4 = Exclusive OR H = HIGH
Z = High Impedance

SA = Stand Alone

MSS = Most Significant Slice
IS = Intermediate Slice

LSS = Least Significant Slice
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Table 4c. ALU Destination Control for 1, 1, [,0r I, = HIGH, IEN = LOW

81015 Y15 Y14

g 171g 15 "F'ﬁ:;',f;:" HEX 8A NSS 8 Lss sA uss 18 Lss sA uss Is Lss

!yl-[ Word smlwm syu]ww Byhlwm Byte| Word | Byte|Word | Byte| Word| Bytef ytel Word| Byte| Word [Byte yief Word
L L L L Arith.  Fi2——Y] 0 |Input 0 F15 0 | F15{ O [SiO15| O [siOys| O 0 |sis{ 0 | Fis| 0 | Fys
L L L H|tog Fr2a—4v] 1 SI045 gm—s Fis
L L HLJ| Ah F—y| 2 Fis Fis SI0 15
LL HH Log. Fr2—Y| 3 SI0 15 SIOq5 E | ¥ | | ¥ |
L HLL F—Y| 4 Fis F1s Fi5 F15 F1a F14 Fia
LHLH F—Y| &
LHHL F—y| 8 J_ i ‘l-
LHHH F—y] 7 | % 1 Y |
Ht L L) am 26—v] 8 | Fg| Fyq|SI0p] Fyg |SI00| Fys| Fe| Fis | v | | ¥ | Fig Fia Fia Fia Fia Fia
HL L H{ tog. 2F—Y| 9 Fz | Fis Fi5 F7 Fi4  F14 |
HL HL| Akh 2F—v| A | Fg | Fya | F1a | Fa F1s | F15 | ‘l' ‘L l
HL HHlLlg 2F—Y| B | F|F, Fis Fy [ F1a | | F1a | Ly || |
HHL L F—Y| C F1s F1s | F15 | F15 Fla F1a | F1a | F1a
HH L H F—v| D | V¥ ] [ Fis | F1s AR F1a Fi4
HH HL Sign Extend E Sioo El) | F7 | siod sioa |sioo| sioof F7 J |F7 ] l SI00| SI00 | Stoof SI0of F7
HH HH F—Y| F Fyg Fys ] 0 |Fi5| 0 |Fis|o 0 0 [Fia] 0 |Fia] 0
Table 4¢. ALU Destination Control for Iy, L, I; or I, = HIGH, TEN = LOW (cont’d.)

Y13-9 Ys Y7

Ts 1776 15 | “romenon | Hex sA Mss 18 Lss SA mss I8 Lss sA [ 15 Lss

Byte| Word | Byte| Word| Byte| Word| Byte | Word [ Byte| Word | Byte | word | Byte, yte] Word| Byte | Word| By Byte| Word] Byte JWord
Lt L L] afh F2—3Y] 0| O|Fi4qf O JFaqf 0 [Fiesf O JFeq] 0 [ Fo | 0| Fg| o | Fg| o] Fg|Fr|Fg| o Fre| o] FglFy Fg
L L L H| g Fz—Y| 1 E ;E
L L HL] A Fr2—Y] 2 l 1 [F7 | 1 2
L L HH| Lg FR—bY| 3 Ly | Ly | v | Y | | v | Y .SI_O1-; 1
LHLL F—Y| 4 A F F F Fg Fg _Fa— Fg | F7 | Fy TT- Frl 7| 7t
LHLH F2Y| s
L HHL F—=y]| 6
L HHH F—Y]| 7 | Y . LY | | Y |
HL L L| Aith 2F—Y] 8 Floq Fi-q Fi-1 Fl-1 Fz Fr Fy Fr Fg Fg Fg Fg
HL L HJ] Log 2F—Y]| o _FG_ Ts—
HL HL| Afh 2F—Y| A J T F—«,
HL HH|Llog 2F—Y| B _;s— ?
HHL L F—Y]| C T,_ —FT— T [ Fg Fg Fg Fg | F7 | Fv Fy Fr| F7 | Fr
HHLH F—y| D Fi T ' | ¥ ] F_s f~_Fe— T7 —FT
HHHL Sign Extend E | Fz $i0q| SIog |S10p [ siog | Fy 1 F7 | SI0g} SI0g [SiCg| S00] F7 SI0g| Siop| Sicp] S0
HHHH F=Y| F | o o|FfR jo]F|o 0 o[ Fg|o|Fgfo 0| Fzl 0] Fy
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Table 4c. ALU Destination Control (cont’d.) for Ig, &, I0r I3 = HIGH, IEN = LOW

Yo V5-1 Yo

s 1718 s | “romemon | Hex sA Mss s 188 sA NSS 8 Lss 8A wss 18 Lss

Byte |Word| Byte| Word| Byte|Word| Byte |Word| Byte| Word [ Byte| Word | Byte| Word | By Byte|Word| By Byte| Wordl Byte [Word
L L L L | ath F2—Y] 0 |[SIO15]| F7 [} F7 | 0 |F7 |siO15] F7 {Fi+1| Fi+1] O {Fi+s| O |Fief R+[R+1f Fy | F1 Q F1| o Fi| F1 | F1
LL L H| g Fr—| 1| F7 F7
L L HL]| AR FR—Y| 2 [s015] sio 1]
LL HH|Log Fr—v| 3| F7 ' | F7 | v | 3 ¥ | '
LHLL F—y| 4 | Fg | Fg —_Fe Fe| Fe | Fe | Fi | B F L F [F fFe | Fo Fo Fol| Fo | Fo
L HLH F—~y| &
L HHL F—y| 6 l l Al_ l
LHHH F—¥l) 7 | ¥ | y | Y |
WL L L|amn 2pov] 8| Fs|rs F, Fs| Fs | Fs [Fi1}Fica Fiq Fi_t]| Fio1|Fie1 |S100]S100 Siog s10| s100{S10,|
HL L Hllg 2Fv]| 9
HL H L | Adh 2F—¥| A
HL HHJLlg 2F—Y| 8 4 Y | | v | Y
HHLL F=Y| c | Fg | Fe | Fe |  Fe| Fa [Fe |[F | i Fi VPR | Fi [ Fo | Fo | Fo | Fol Fo|Fo
HHLH F—v}| D Fg Fg Fi Fi Fo Fo
HHHL Sign Extend E SI0g| S10g | SI0g| SIOg SI0g; SI0g [St00] SI0g. ERNENESNE
HHHH F=y| F o|Fe| o] Fs oflFf [o]|Fm o|F] 0] F
i=1t06(for Fs_q) SA = Stand Alone
i=9to 14 (for Fy3.9 MSS = Most Significant Slice

IS = Intermediate Slice
LSS = Least Significant Slice

Table 4c. ALU Destination Control (cont’d.) for b, I, 1 ,0r I3 = HIGH, IEN = LOW

SI10,

e 1716 s | LU SOESER| HEX SA MSS 1S LSS
Byte | Word | Byte | Word | Byte | Word | Byte | Word

LLLLJAfth FRoY| 0 Fo Fo | SI0s | Fo |SIO| Fo Fo Fo

LL L H}Log FRY 1

L L HL]|Arth FroY| 2

LL HH|Log FR—Y| 3

LHLL F—Y | 4 | Panty| Parity Parity Parity | Parity | Parity

LHLH FY | 5

LHHL FY ! 6

LHHH Fay | 7

H L L L{Arth. 2F—Y 8 Input

HL L H|Log. 2F—Y | 9

HL HL|Adth 2FaY | A

HL HH|Log 2F—Y | B

HHLL FY | C©

HHLH FY | D

HH H L} Sign Extend E

HHHH FoY | F
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Table 4d. ALU Destination Control for Iy, 1, I or I; = HIGH, IEN = LOW

Q REGISTER Q1015 Gis Qus bl
I, 1,1, I; AND SHIFTER|HEX| Mss/is SA/LSS MSS/IS SA/LSS MSS/IS SA/LSS MSS/iS SA/LSS
FUNCTION Byte | Word BytalWord Byte | Word| Byte |Word ByteJ Word| Byte | Word | Byte | Word | Byte |Word
LL L L|Hod o| z Hold Hold Hold
LL L H|Ho 1] 2
LL HL]|log QR—=Q] 2 |Input ————————> Q105 QIO Q41 Qg Qg Qo
LL HH|tog. 02—0| 3 |Inpt ———————— Q1045 QI015 Qe [ Qs [N
LHL L|Hod 4| z Hold Hold Hold Hold Hold Hold
L HL HjLog. G/2—Q| 5 |Input ————— QIO1s Q1015 Qi1 Qi+ Qg Qo
LHHL[FHQ 6| z —mm Fis Fis F, F Fg Fa
LHHH|F=Q 7 Fis F1s F Fi Fg Fg
HL L L|Hod 8 Hold Hold Hold Hold Hold Hold
HL L H[Hold 9 Hold Hold Hold Hold Hold Hold
HL HL]|log. 205Q| A |QIO;| Q5| Q; | Qs Q1a Qua Q4 Qg Q7 Q7
HL HHfLog. 200 B [QI0g| Q5 | Q7 | Qg O Q14 Q1 QL Q, Q;
HH L L|Hod c| z ———— Hold Hold Hold Hold Hold Hold
HH L H|iog. 20+0] D Jaio,] ass [ 0; [0 Qu4 Qu4 Qi Qs Q, Q,
HH H L |Hod E| 2 —— Hold Hold Hoid Hold Hold Hold
HH H H|Hold F|l z —————» Hold | ¥ [Hold]| ¥ |Hold Hold Hold Hold
Table 4d. ALU Destination Control for I, I;, 1, or i, = HIGH, IEN = LOW (cont'd.)
Q REGISTER ar Q61 Qo Q1%
I, 1,14 I, AND SHIFTER| HEX| Mss/is SA/LSS MSS/iS SA/LSS MSS/IS SA/LSS MSS/IS SA/LSS
FUNCTION Byte | Word | Byte | Word | Byte | Word| Byte word Byte | Word| 8yte [ Word | Byte [Word Bym[Word
LL L L][Hod 0 | Hold Hold Hold z
LL L H|Hod 1 Z ——
LL HL]|Log O2—0] 2 Q, [010:5| Qg Q4 —— Q1 ———|QI05| Qg ———»
LL HH|og or—a| 3 Q, [0r0ss] Qg Qg — > Q1 ———|QI0s5| Qg ————
L HL L |Hod a Hold ——————»] Hold —————» Hold z
L HL H|log. ar2—q| 5 o, |0, a, Quey ———— Q, ———[QI0,5] Qg ———— =
LHHL|Fa0 6 Fr F Fy z
L HHH|F—Q 7 F7 ——————» F, ————— Ffqp ————
HL L L |Hold 8 Hold ————— Hold ———————» Hold ———————
HL L H|Hold 9 Hold ——— Hold — Hold —————|
HL HL|log. 200 A Qg ———————> Qo ————— QIo, Input
HL H HiLog. 20—4Q| B Qg ——————» Q- —————— QIO, input
HH L L |Hold c Hold ———————»] Hold —————» Hold z
HH L H|Log. 20—Q| D [ ——— [ — QI0, Input
HH H L [Hold E Hold ———————» Hold ——————» Hold z
HH H H|Hoid F Hold —————— Hold —————» Hold z
Parity = Fig ™ Fg ...... TF WV T F ¥ Fg ¥ SI0ys Z = High Impedance
4 = Exclusive OR SA = Stand Alone
MSS = Most Significant Slice
i= 1106 (for Qg_y) IS = Intermediate Slice

]

9 to 14 (for Q4-9}

LSS = Least Significant Slice

Power ed by | Cmi ner
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

Table 5. Special Functions @

SI0;s Q REGISTER
HEX || HEX SPECIAL ALY ALU SHIFTER $10, | & SHIFTER |QIO, 5| QIO,| WRITE
fy g l| ‘[l 121, 1| FUNCTION FUNCTION FUNCTION [ g [OTHER| ™| pyncrion [ |
o |vL 0 |unsignedmutiply [EZRESIEZRS_p [ 9TR ™Y | Wz | put | Fo [Log@re—aimput| @ | L
1 L o |BCD-oBinary @ Log Fr2—Y | tnput| input | Fo [logor—a|imput| Qo | L
1 |H 0 |MdRreeony @ Log F/2—Y | Input | Input | Fo Hod | HZ |@Q | L
Two's Complement |[F=S+Cp f Z=L Log F/2 —Y
2 L 0 ey FoRisnBiz=n| 0% HZ | Input | Fo |LogQ2—Q|input| @, | L
3 L o |Becrement by F=S-2+Cn FbY input | Input | Parity Hold Hz {HZ | L
Increment = i
4 L 0 increment by F=S+1+Cq F—Y Input | Input | Parity Hold HZ [HZ | L
4 H 0 Byte Swap + Cp F=(Sws. Sus)+Cn F—Y Input | Input | Parity Hold HZ | HZ L
Sign/Magnitude F=S+CnifZ=L F/2 =Y i
5 L 0 Two's Complement | F =3+ Cn if Z=H @y Input | Input | Parity Hold HZ | HZ L
Two's Complement |F=S+Cp if Z=L Log Fl2 Y
6 L © | Multiply, Last Cycle | F=S-R-1+Cn f Z=H @ HZ | Input | Fo |LegG2—Q|lnput) Qo | L
7 L 4] BCD Divide by Two (&) F—Y Input | Input | Parity Hold HZ | HZ L
8 L 0 ﬁg’%eajl'-zegg'h F=S+Cp F—Y Fis | Fis | HZ | Log2@—Q | Qs [input| L
g L 0 gmgtg;%CD ®) Log 2F—Y | Fyg Fis | Input | Log2Q—Q | Q5 finput| L
Multiprecision
<] H 0 Bmar’il-to-BCD ()] Log 2F—Y Fis Fis input Hold HZ [input L
Double Length
A L 0 Normalize and F=S+Cn Log 2F—Y Rg Vi Fis | Input| Log2Q—Q | Oy [Input] L
First Divide Op 15
L 0 BCD Add F=R+S+CnBCD ® F—Y 0 o] HZ Hoid HZ | HZ L
Two's Complement |F=S+R+CpifZ=L
c L 0 |phestomp Ftrrarizhy wgor—y | B8 | Fis | input| Log20—0 | G5 finput] L
L 0 BCD Subtract F=R-S-1+C,BCD ® F—Y (] 0 HZ Hold HZ | HZ L
Two's Complement N
E L 0 |Divide Comection |E=§TR+Calfzzt | Fy Fis | Fis | HZ | Log2a—a| Qs finputf L
and Remainder "
F L 0 BCD Subtract F=S-R-1+C,BCD © F—Y 4] 0 HZ Hold HZ | HZ L
NOTES:
1. At the most significant slice only, the Cp + 16 signal is internally gated to the Y ouiput.
2. At the most significant slice only, F15 W OVR is internally gated to the Y output.
3. At the most significant slice only, S15 V" Fy5 is generated at the Y output.
4. On each nibble, F = S if magnitude of S is less than 8, and F = S minus three if magnitude of S is 8 or greater.
5. On each nibble, F = S if magnitude of S is less than 5, and F = S plus three if magnitude of S is 5 or greater. Addition is modulo 16.
6. Additions and Subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format.
7. The Q register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions.
8. BCD Nibble propagate: PN; = (Py.o + Pa+a) Paso + Cuied (Pavo + Gaiet + Faiv2)
BCD Slice propage: P = PNy PN, PN, PN,
9. BCD Nibble generate: GN; = Gg43@av0 + Gae1 + Paie) Gaso + Cair ) Caer + Caiad Fues + Fans - Pavz - Cuind
BCD Slice generate: G = GN3 VGNz PN VGN¢ PNy PN3V GNo PNy PNy PN3
L =LOW LB = Lower Byte P = Exclusive OR
= HIGH UB = Upper Byte Parity = SIOy5 W Fisg V' Fia ¥ Fi3 ... .. TFy

HZ = High Impedance
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

Table 6a. IDT49C403 Status Outputs (Word Mode)

HEX HEX |, G, P, Corns P/OVR G/N Z(OEY=1)

s l7lels |l 13tz ty| © |(=01015) (=010 15) mss/sa | THER| mss/sa [QTHER| mss [iss|iss| sa
X 0 H 1] 1 0 0 3] Fis G t [tmitMm ]| tMm
X 1 X| RiASi RiVSi |GVPCn| Cas1s ® Cnste| P Fis G Yy [t |tm]| tm
X 2 X| RiAaSi RiVSI [GVPCh| Chyis ® Cpits| P Fis5 <] )y |[fM|[tm ]| W
X 3 x| RiASi RiVSi [GVPCa| Cn+1s ® Cntis| P Fis G vy |[fM]ftMm| tM
X 4 X s} Si GVPCp| Cheis @ Cpets| P Fis G Yy [tnm[tm]| tm
X 5 X a Si GVPCn| Cn+is ® Cns1e P Fis G f(Y) iMItM] fM
X 6 X 0 Ri GVPCn| Cnt1s W Corrs| P Fis G ) (tnltm| M
X 7 X 0 Ri GVPCn| Cn+1s ® Cnhs1s| P Fis G fn [ftn]lim]| tm
X 8 H o 1 o 0 o Fis G M [tMmlim] fm
X 9 x| RiASI 1 0 0 0 Fis G ) [fn|tm | T
X A X| RIASI Ri VS 0 0 0 Fis G M |ftmitm| tm
X B X| RiAsi Rivsi 0 0 0 Fis G ) [t tm| tm
X C X | RiASi 1 0 0 0 Fis G v |[ftmlitm| tm
X D X| RiAS 1 0 0 0 Fis G ) [fTM[ftM ][ t¥W
X E X| RiASi 1 0 0 0 Fis G i) |[fMmlim| tm
X F X| RiAS 1 0 0 0 Fis G )y [t |t | T

0ifZ=L | Siifz=L _ _
4] 0 L Ri A Si RiVSi |GVPCn| Ch+1s ¥ Cns1s P Fis G Input | Input | Q, Qq
ifZ=H it 2=H
1 L 0 Si GVPCh{ Cns1s W Cnyts| P Fis ] ) |t |ty ]| tMm
1 8 L 0 Si 0 0 1] Fis G i |[ftmitm!| 1M
0ifz=L [ Siifz=L _ _
2 0 L] RiASI RiVSi [GVPChf Cns1s ® Cnyig| P Fis G nput | Input| Q, Qo
ifZ=H if Z=H
Y L (6) 7) GVPCh| Cns+1s W Cpyrs| P Fis G 1(Y) Mmiftm| tm
L R 2 GVPCn| Cns15 W Cns1s| P Fis G M |fm[ftm]| fm
4 8 L (1) @ GVPCh| Cnr1s ® Corrs| P Fis G 1 ||| 1
Siifz=L Rsif Z=L
5 4] L o] SiitZ=H |GVYPCn| Cnt1s ¥ Cn+s| P T}f,z‘v;i.s G Si5 | Input | Input Sis
0ifZ=L | Siifz=L
6 0 L| RiASi RiVSi |GVPCn| Cn+1s @ Cnss| P Fis G Input | Input| Qo Qo
ifZ=H ifZ=H
7 0 L 0 ] GVPCh| Cni1s W Casis] P Fis G ) ttmitm| v
8 0 L 0 Si 4 Q, v Q, P Qs G Q) [f@|f@]| t©@
9 0 L 0 Si GVPCh| Chs15s ® Cosis| P Fis G @ [t@|t@]| t©
9 8 L 0 Si 0 0 0 Fis G @ [t@f1r@]| t
A 0 L 0 Si 3) F, F P Fis [¢] (5) ® | ) (5)
B 0 L| RiASi RiVSi |GvPC, ®) @) Fis (9 i |ttt | ™
Ri A Si RiVSI Sign Sign
C 0 L %izisl'i I'fﬁiz\/:SLi GVPCn| Cn+is T Chite 3 Fis G Corg;F)are Input | Input Corggare
ifZ=H ifZ=H Output Output
D 0 L| RiAS RiVSi [GVPCn| Cniis ® Cn+1s| (8) Fis 9) 1Y) JrMn e ()
Ri A Si RiV Si Sign Sign
E o L] R2s | EZel laveca| Covis Core | P Fis & | COTR®| input | input|ComPare
ifZ=H ifZ=H Output Output
F 0 L RiAS RiVSi |GVPCh| Chtis W Cnits| (8) Fis (9) 1Y) MYy | f()
Continued next page
S8-30

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

NOTES:

1, f(SSisLOW, Gp = Soand Gy, 2,3...,15 = 0. f[SSisHIGH, Gg.1.2.3,. . -.15 = O V = 0R

2 IHISSiSLOW,P; =1andPy 2 3....15 =Sy 5 3 ... .5 FISSisHIGH, P = § A = AND

3. At the most significant slice, Cn+16 = Q15 W Qua. At other slices Cns16 = GV PC, O = Exclusive-OR

4. At the most significant slice, Cn+18 = F1s " Fi4. At other slices Cn+16 = GV PCn P="PsPua...... PaP2P1 Po

5. Z=0¢8:G0; ... 0,k FiFRF ... Fis _ G = G5V Gi4Pi5 V GyPisRs V Giz2PiaPyRs
6. IFLSSisLOW, G =oandGy 2 5....15= 512 3. 15. TLSSiSHIGH. Go 1,2 3. - 15 = S0, 1. 2.3, - - 115

7. HLSSisLOW.P, = Sgand Py 5 - s = 1.HLSSis HIGH. Py 1 2. 0. -15 = 1 VGyPpPaPisPs V... ... VG PP P, ... Pys
8. BCD Nibble prapagate: PN = (Pai+0 + ]54|+3) (F4|+a + Guied (FAHO + Gas1 + Pas2)

BCD Slice propagate: P = PN3 PNz PN,

9. BCD Nibble generate: GN, = G453 (Gaisp + G4|+1 + Buy2) Gaivo + Gard Puer + Caied Pains + Fanr - Paez - Gaisd
BCD Slice generate: G = GN3 V GNz PN3 V GN; PNz PN3V GNg PNy PNp PN
M =Y%%YYs...... s
£(Q) = Gp01Gp0s . .. ... Oss
L=LOW=0
H = HIGH =

Table 6b. IDT49C403 Status Outputs (Byte Mode)

HEX HEX | a, P, Corr P/OVR G/N Z(OEY = L)

hlzlels|l Igla )| | (=0W07)| (=07 mssisa  |STHER! mss/sa |QIHER| s | i1ssfiss| sa
X 0 H 0 1 0 0 0 Fy G v [tmifrm] tm
X 1 X | RASi | RiVSi |GVPCn| Cner @ Cnss P F7 G v [t |tm] tm
X 2 X| RiASI RiVSI |[GVPCh| Chy7 ® Chus P F7 G 1Y) fMitM| M
X 3 X | RiASi RiVSi [GVPCh| Chi7 ¥ Cass P F7 G Wy [t {ftm | tm
X 4 X 1] Si GVPCh| Cne7z ¥ Chss P F7 G 1(Y) tM|ftm| M
X 5 X 0 Si GVPCn! Cni7 ¥ Cuss P F7 G i) |[fm|tmi tn
X 6 X 0 Ri GVPCn| Chiz W Chss P F7 G 1Y) fMmifrm| tm
X 7 X 0 Ri GVPCp| Cn+7 W Cnss P F7 G iy (|| tm
X 8 H 0 1 0 0 3} F G ) |[tnltml 1w
X 9 X| RiASi 1 0 0 0 F G ) |[ftnlim]| tm
X A X1 RiASI RV Si 0 0 0 F G ) |t [tm]| ™
X B x| RiAS RiVSi 0 ] 0 F G M jfnlftml m
X [¢ X| RiASI 1 0 0 0 F G v [tm]lim] tm
X D X| RiAS 1 0 o 0 F G M |[ftm|tm]| tm
X E x| RiASi 1 0 0 0 F G iy ltn|tm]| ™
X F X| RiAS 1 0 [0} 0 F G 1 [ton]tm]| M

NOTES: _

1Y) = YoY1YaVa ... ... Y7 V = OR

1(Q) = 00,085 ...... Q; A = AND

L =LOW= O = Exclusive OR

H = HIGH = 1 P=P;Ps..... P3P, Py Po

G = G; V GgP; VGsPsP; VG,PsPsP;
VGaP P PP, V... .. VG,PP3Py ... Py
s8-31
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS CAPACITANCE (Ta= +25°C. f = 1.0MHz)
SYMBOL RATING COMMERCIAL{ MILITARY | UNIT SYMBOL PARAMETER(" CONDITIONS TYP. UNIT
Terminal Voltage B _
Vigay | With Respect to -0510 +70 [-0510 +70[ v Cw | Input Capacitance Viy= OV 10 pF
GND Cour | Output Capacitance Vour = OV 15 pF
Operating o NOTE:
Ta Tempstrature Oto +70 |-55to +125| °C 1. This parameter is sampled and not 100% tested.
Temperature
Taas | Under Bias -5510 +125 |-6510 +135| °C
Storage . _
Tsta Temperature 5510 +125 [-65t0 +150| °C
Pr Power Dissipation 15 15 w
lout DC Output Current 50 50 mA
NOTE:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specificationis notimplied. Exposure to absolute maximum rating con-
ditions for extended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS

Ta = 0°Cto +70°C Vec = 5.0V = 5% (Commercial)
Ta = -55°Cto +125°C Voo = 5.0V + 10% {Military)
Vg = 02v
Vie = Vg - 0.2V
SYMBOL PARAMETER TEST CONDITIONS (¥ MIN. | TYP.® | MAX. | UNIT
Vi Input HIGH Level () 20 - - v
Vi Input LOW Levet (4} - - 0.8 v
™ Input HIGH Current Vec = Max.,.Viy = Vo - 0.1 5 pA
" Input LOW Current Vee = Max., Vi = OV - -0.1 -5 MA
) lon = -300pA Vhe Vee -
Vou Output HIGH Voitage xcc = C’""ér v lon = ~6mA MIL. 24 | 43 - v
™R P loy = ~8mA COM'L. 24 | 43 -
' lou = 300pA - GND | Wi¢
Vou Output LOW Voltage Voo = Min. loL = 12mA MIL. - 03 | 05 v
Vin = Vi or Vi -
lo. = 16mA COM'L. - 0.3 05
loz Off State (High Impedance) Voo = Max Yo = OV _ _ 0 A
Output Current ce ’ Vo =Vio (max) _ _ 40
log Output Short Circuit Current Voc = Min., Voyr = OV @ -15 - - mA
NOTES:

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics.

2. Typical values are at Voo = 5.0V, +25°C ambient and maximum loading.

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second.

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. Guaranteed by Design.
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DC ELECTRICAL CHARACTERISTICS (Cont'd)

Ta = 0°Cto +70°C Vee = 5.0V + 5% (Commercial)
Ta = -55°C to +125°C Voe = 5.0V = 10% (Military)
Vic = 0.2V
Vige = Ve - 0.2V
SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP@ | mAX. | uNIT
Voo = Max.
Quiescent Power Supply Current o
locan — Vic < Vin . Vin S Ve - 150 250 mA
CP = H (CMOS Inputs} fop = 0,CP = H
. Vec = Max.
f Quiescent Power Supply Current _
cook CP = L (CMOS Inputs) Vie < Vin . Vin < Vic 50 100 mA
fop=0.CP =1L
Quiescent Input Power Supply ) _
lect Current (per Input @ TTL High) Voo = Max. Viy = 3.4V.fcp =0 - 0.3 05 | mA/nput
Voo = Max. MIL. - 36 77
leep Dynamic Power Supply Current Ve < Vin - Vin S Mc mA/MHz
Outputs Open, OE = L COM'L. - 3.6 52
Ve = Max., fcp = 10MHz
Outputs Open, OE = L MIL. - 136 252
CP = 50% Duty cycie
Vic < Vin , Vin < Vi com'L. - 136 227
oo Total Power Supply Current (6) mA
Vo = Max., fop = 10MHz MIL. - 150 275
Outputs Open, OE = L
CP = 50% Duty cycle ,
Vi = 34V,V = 04V COM'L. - 150 250
NOTES:

5. lggr is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out | ccqy . then dividing by the total number of inputs.
6. Total Supply Currentis the sum of the Quiescent current and the Dynamic current {at either CMOS or TTL inputlevels). For all conditions, the Total Supply
Current can be calculated by using the following equation:

lec = lecon (CDW) + legor (1~ CD) + leor{Nr XDy + loco (fep)

CDy = Clock duty cycle high period.

Dy = Data duty cycle TTL high period (My = 3.4V).
Nt = Number of dynamic inputs driven at TTL levels.
fep = Clock input frequency.
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IDT49C403A GUARANTEED COMMERCIAL AND Table 8. Enable/Disable Times All Functions

MILITARY RANGE PERFORMANCE FROM TO co:l_ilfBLlEML COE:?BaIEL UNIT
The tables below specify the guaranteed performance of the
IDT49C403A over the commercial operating'lftaangg of Pa :ﬁ\ +;?1°(; f‘, Y 12 2(1“ j. 10 12 ns
e e S T I B
nanoseconds, with input switching between 0 and 3V at 1V/ns and OEa DA 15 22 13 14 ns
measurements made at 1.5V. All outputs have maximum DC load. Is sI0 23 o5 12 |13 ns
Ig Qlo 16 24 21 22 ns
Table 7. Clock and Write Pulse Characteristics All Functions 18.7.6.5 QI0 17 28] 19 20 ns
comL FIL UNIT 15210 Qio 21 31 19 22 | ns
Minimum Clock Low Time 10 |t ns NOTE:
Minimum Clock High Time 0 | 1 . ns gﬁ;esbm:ufzmwdisablﬂm' Measurementis made to a 0.5V change
Minimum Time CP and WE both Low to Write 10 S RE ns
NOTE:
Guaranteed by Design.
Table 9. Set-up and Hold Times All Functions
tewL
L
T
FROM WITH RESPECT TO cOfﬁI—U!:lL COD;"E.L?ML. CO?A%I.-UI:IL co:.ol_u:‘“_ UNIT COMMENTS
Y cP - = : 2 ] ns |StoreYinRrAM/Q ()
‘WE HIGH cpP 7 2 ns | Prevent Writing
WE LOW cP - 0 ns | Write into RAM
A, B Source cpP 11 - ns | Latch Data from RAM Out
B Destination (3 cP 6 2 ns | Write Data into B Address
B Destination () EN 6 2 ns | Write Data into B Address
B Destination ) WE 6 2 ns | Write Data into 8 Address
QIOy, 15 cP - ns |shita
ls,7.6.5 cpP - (1] ns | Write into Q and RAM
IEN HIGH & cP 7 ns | Prevent Writing into Q and RAM @
fEN LOW @ cP - ns | Write into @ and RAM
la,3,210 cp - ns [ Write into Q and RAM @
Q. O, cP - 2 ns | writeinto @
Cn cpP - 4] ns | ALU Canry In to RAM

NOTES:

1. The intemal Y-bus to RAM set-up condition will be met 5ns after valid Y output (b_E-y= 0)

2. The set-up time with respect to CP falling edge is o prevent writing. The set-up time with respect to CP rising edge is to enable writing.

3. The writing of data is controlled by CP, IEN, and WE; all must be LOW in order to write. The set-up time of B destination address is with respect to the lastof
these three inputs to go LOW, and the hold time is with respect to the first to go HIGH.

4. A "—"implies this path does not exist.
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IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE
STANDARD AND INCREMENT (SF-4) /DECREMENT (SF-3) BY ONE OR TWO
INSTRUCTIONS

TO

FROM | SLICE v Cn=18 G, F z N ovaR DA, DB WRITE Qiog, 15 810, 81045 810 UNITS
PARI
com’t. Mt |comt. ML | coms. mi. | comt. wmn.|comn. M fcomrl. M| Comt. MR [Com’l. MM | Com’l. M. | Com’l. MA.|Com’l. MN.| Com’t MA.

neager| any | 41 |48| aa |48| a4 [a8| a2 |as| a7 |s8| a7 |57| 26 |83| - | =| — | =| 41 | 48| 40 |a8| 52 |56 m

oaoe | ay | 34 138} 28 [33| 28 |34| 20 [31] 36 |42| 34 f40| -

cn wy | 27 38| 15 [19| - |=| 22 |24] 26 |29 23 [28] -

oo |y |38 (43| 32 34| 23 [35] 48 |51] 36 [38] 42 |4s| - || 18 25| 24 |27 28 {38] 37 [40| 41 |50 s

o |am | 43 |46 a4 |48| 20 |42| 30 |42| 51 [s5| 54 |58 20 |25| — | ~| 26 {30| 36 | 30| 37 |40| 41 f45| e

21 [23] 38 |w3] 21 {2s| 20 [23] - |- ~ || -] - j=|2 || - |-|=

A

S10g, 15 | Any | 21 27 - :“?: - =117 19 - =] - 1= - = = &l - b=l - | =] 19 |23] 16 {20] ws

MULTIPLY INSTRUCTIONS (SF-0, 2 & 6)

T0
FROM | SLICE Y Cn=18 G,F z N OVR DA, DB WRITE Qiog, 15 8o, |umits
Com'l. MH.| comt. mu. | comt. Mmn | comt. M. | Com’k MK | Com’l  Mi | Com'l. MN. | Com’l. ME | Com’l. MH. | Com’l. M

ABader| any | 49 |B8| 83 88| 53

=} ns

Unsigned Muttiply Two's Complement Multiply Two's Complement Multipty Last Cycle

SFO: F=S+CniZ=L SF2 F=S+CnitZ=L SF6. F=S+CnlfZ=L
F=S+R+Cplf Z=H F=S+RA+CpifZ=H F=S-R-1+Cn it Z=H
Y15=Cq + 18 (MSS) Y16=F15 V OVA (MSS) Y15=0VR V F15 (MSS)

=Q0 (LSS) Z=Q0 (LSS) Z=Q0 (LSS}

Y=Log F/2 Y=Log Fi2 Y=Log F/2

Q=Log 02 Q=log @2 a=Log 02
NOTES:

1 “—" means the delay path does not exist.
2 An"*" means the output may be enabled or disabled by the Input; refer to function table.
3. This speclfication s not tested.

$8-35

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE
BCD INSTRUCTIONS (SF-1,7,9, B, D & F)

T0

FROM |SUICE Y Cp=16 G,F z N OVR DA, DB WRITE Q10g, 15 8i0g $1045 810y  |uNiTS
PARITY

Com’l. MM, |Com'l. MH. | Com'l. MH.} Com’l. M. |Com’L Mil.|Com’t. Mil.1Com’. M. [Com'l Mi.lCom. MR.|comt. mi|com'l ma. | comt. M.

aacor| Ay | 49 |58 53 [sa| 53 58| 50 [54] s6 |70 56 e8] 31 |40 — | =| — |- | 49 |s8] 4

SI0g, 15 | Any ~ k= - =t I e I IR e B Fo Y
NOTE:
1. Binary to BCD and p Binary to BCD onty
BCD to Blnary conversion (SF 1) Binary to BCD converslon {SF 9 BCD substract (SF F)
BCD divide by two (SF 7) BCD add {SF B)
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF-5)
FROM | 8UICE v Cp=t6 DA, DB WRITE Ql0g, 45 8I0p  |UNITS
Com’l. L | Com’l. M. Mi. | Com’t. MN. Com’l. MM. | Com’l. MH. | Coml. MN.
A BaAddr| Any | 49 53 31 | ns
DA, DB 1 ns
Cp ns
ls o ns
cP ns
z
(OEy = ns
Jow)
SI0p, 15 | Any ns
SF5: F=S+CpifZ=L Y=F
F=S+CnllZ=H Q=Q
Y15=515 °F15 Mss) N=F15; Z=L
Z=815 (MSS) N=F15 £°515; Z=H
NOTES:

i *—" means the deiay path does not exist. .
2. An “*" means the output may be enabled or disablec by the Input; refer ta function tabie.
3. This specification ks not tested.

$8-36

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE
DIVIDE INSTRUCTIONS (SF-A, C & E)

T0
FROM | SLICE ¥ Cn=16 a.F z N ovR DA, DB WRITE 010g, 15 81045 [UNITS
comt. Mmn| comr. wmn | comt. wm | comt. wm. | comt mu | Comi. wmn. | coml MK | Coml. WA | Coml MR | Coml. Wi

ns

ns

ns

ns

ns

NOTES:
1. Only ist divide and normalization
2. Only two's complement divide and two's complement divide correction

Double Length Normalize and First Divide Op Two's Complement Divide Twa's Ci DMde C: and
SFA: F=S+Cn SFC: F=S+R+CnlifZ=L SFE: S=CnifZ=L
N=F15 (MSS] F=S-R_ HZ=H ﬂ_]_fguj'_z
SI015=F15 V" R15 (MSS) Slois=F1 R15 (MSS) Z-F1E R15 (MSS) from previous cycle
Cn+18=F15 ‘V‘FM(MSS] Z=F15 V" R15 (MSS) from previous cycle
OVR=F2 ‘P F1( _\_ Y=Log 2F o-mg 20
Z=Q0Q1 0203 .QISFOF1F2F3. Q=Log 2Q
Y=Log 2F
Q=Log 20

SINGLE LENGTH NORMALIZATION (SF-8)

FROM | SLICE Y Cn=16 q, P z N OVR DA, DB WRIT Ql0y, 15 Si04g  |UNITS
com. WMKL|comt wMmn | comt wmw. | comt MK | Coml. ME | Coml. MH. ] Com'l.

A, B Addr - 53 3 | ns

ns

ns

ns

48-{ ns

ns

NOTES:

1. A“—"means the delay path does not exist.

2 An **~ maans the output may be enabled or disabled by the Input; refer to function table.
3. This specification Is not tested.
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403 GUARANTEED COMMERCIAL AND Table 11. Enable/Disable Times All Functions
MILITARY RANGE PERFORMANCE ENABLE DISABLE
FROM O lcomL miL|cowL miL |UNIT
The tables below specify the guaranteed performance of the -
IDT49C403 over the commercial operating range of 0to 70 °C with OE, Y 15 24 12 14 ns
\ec from 4.75105.25V, and over the miilitary operating range of -55 = B
to + 1256°C with Vo from 4.5 10 5.5V. All data are in nanoseconds, ﬂis DB 17 2 - 15 16 ns
with input switching between 0 and 3V at 1V/ns and measurements OEa DA 18 26 16 17 ns
made at 1.5V. All outputs have maximum DC load. Is SI0 28 30 15 16 ns
1s Qlo 20 29. 25 27 ns
Table 10. Clock and Write Pulse Characteristics All Functions 18.7.5.5 Qio o1 34 20 26 ns
d I
comt _MIL uNIT la.3.2.1.0 QI0 25 37 22 26 ns
Minimum Clock Low Time 12 13 ns NOTE:
Minimum Clock High Time 12 13" ns C| = 5.0pFfor outputdisable tests. Measurementis made toa 0.5Vchange
- on the output.
Minimum Time CP and WE both Low to Write 12 13 ns
NOTE:
Guaranteed by design.
Table 12. Set-up and Hold Times All Functions
tewL
:
SET-UP HOLD SET-UP HOLD
FROM WITH RESPECT Tl copmr. miL| comL. miL| comL. miL| comL mi | UNIT COMMENTS
Y cp - =1 - = 10 [ 2 2 ns | Store Y in RAM/Q ™
WE HIGH cP 8 9 2 2 - = 2 2 ns | Prevent Writing
WE LOW cP - = - - 12 |13 o 0 ns | Write into RAM
A, B Source cP 14 15 2 2 - - - - ns Latch Data from RAM Out
B Destination (3 CcP 7 8 @ @ & .3 2 2 ns | Write Data into B Address
B Destination (3 IEN 7 8 @ @ @ | 2 2 ns | Write Data into B Address
B Destination WE 7 8 &) @ @ (@ 2 2 ns | Write Data into B Address
QI0g, 15 cP - N - -1 s 7 ) ns [shita
18,765 cP - = - - 27 30 0 0 ns | Write into @ and RAM @
TEN HIGH @ cP 8 9 @ @ @ @ ns | Prevent Writing into @ and RAM @
IEN LOW @ cp - - - =1 10 | 11 ns | Write into Q and RAM
la,3.21.0 cP - - - - 19 21 ns | Write into Q and RAM @
Qq. Q, CcP - - - -1 10 1 2 2 ns | Write into Q
Cn CcP - - - - 34 36 0 0 ns { ALU Carry In to RAM
NOTES:

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y ouiput (CTEY= 0)

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing.

3. Thewriting of data is controlled by CP, IEN, and WE:; all must be LOW in order to write. The set-up time of 8 destination address is with respecttothe last of
these three inputs to go LOW, and the hold time is with respect to the first to go HIGH.

4. A “—"implies this path does not exist.
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403 GUARANTEED MILITARY AND COMMERCIAL RANGE PERFORMANCE
STANDARD AND INCREMENT (SF-4) /DECREMENT (SF-3) BY ONE OR TWO INSTRUCTIONS

FROM | SLICE A4 Cp=18 4,7 z N ovnT° DA, DB WRITE Qlog, 18 810y 81045 . As.;'o UNITS
Comv’l. »lfl. Com’l. Ill:. Com’l. Ml.. Com’l. III Com’l. M. | Com’l. M‘I. Com’l. ‘MII. Comvl. Mi.|Com'l. M. |Com'l. MH.{Com’l MA. | Com'l. MN.
A.8adar| Any | 49 53 53 57 53 |57| 50 [54] 56 65| 56 |64 32 ar| — |- - [ s 54| 48 [54| 63 |67 ns
oaoe | any | 40 43 34 35 34 38| 35 37 43 [47| 40 4:§‘ - -] - 1 Z 12| 20 | s8] 33 |a7| 55 |59 m
Cn any | 33 39 18 éj - |<) 27 29 32 {34 28 30 - =] - - ~ |- 2|3 2 34 32 [34] ns
18-0 any | a6 |4g]| 39 [a1| 30 |a1] s6 [59| 43 |46| 51 [54 — =] 21 {28 29 [32| 34 143)| 45 47| 49 |B6] ns
cP any | 51 |B8| 53 {56 47 {51 47 51 62 |66] 65 {70| 24 |28 - | =| 32 [34] 43 [46] 45 (47| 49 |53 s
wss | any | 26 {38] — || 26 |28] 46 so 26 |28 | 24 2| - -l - o] - =] ea es] - =] ws
siog 45 | Ay | 25 |30} - ~' — =] 20 21| - b—- bl 2ol = bed = =t 23 128l 19 23] e

MULTIPLY INSTRUCTIONS (SF-0, 2 & 6)

T0

FROM | SLICE v Cn=16 G,7 z N OVR DA, DB WAITE QI0g, 45 8I0;, |UNITS
comt. wi.| com. wi. | comt. wmu | comt. wmr.| comt. Mil | Comt.  MI | Com’l. MU | Com’l. MK | Com’l MN. | Com't. MN

ns

A BAddr| Any [ 59 64 64 |68 64 |68 - = 67 | 78] 67 |77| 38 |44

onoe |ay |48 [52| 41 J43| 41 |as| - |~ | 52 {'56| 48 s4f - [= ns

ns

ns

Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle
SFD: F=S+CnltZ=L SF 2 F=S+CnitZ=L SF8. F=S+CnltZ=L
F=S+R+CnitZ=H F=S+R+Cnif Z=H F=S-R-1+Cn fZ=H
Y15=Cn + 16 (MSS) Y15=F15 V QVR (MSS) Y15=0VR V F15 (MSS)
Z=Q0 (LSS) Z=Q0 (LSS} Z=00 (LSS)
Y=Log Ff2 Y=log Ff2 Y=Log F/2
Q=Log Q/2 Q=Llog 0f2 Q=Llog Q/2
NOTES:

1, A“—"means the delay path does not exist.
2 An"*" means the output may be enabied or disabled by the input; refer to function table.
3. This specification is not tested
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403 GUARANTEED MILITARY AND COMMERCIAL RANGE PERFORMANCE
BCD INSTRUCTIONS (SF-1,7, 9, B, D & F)

TO

FROM | sLice ¥ Cn=16 G, 7 z N ovR DA, D8 WRITE QI0g, 45 810g 81045 810  [uniTe
PARITY
Com'l._Mil. | Com'l. Mil.[Com't. MN. | Com’l. MW.|cCom’. mi.lcomt. M.l com. mu.|comr. mn.|comn. mu.|comr sl comt. mn.

A Bagar| any 64 lea| 64 |e8| 60 [65| 67 |78 67 |77| 38 [a4| - |- 60

65

ns

ns

ns

35 |38 41 |52| 54 |56| 59 |67 ns

SI0p, 18
NOTE:
1. 8inary to BCD and multiprecision Binary 1o BCD instructions only
BCD to Binary conversion (SF1) Binary to BCD conversion [SF8) BCD substract (SFF)
BCD divide by two {SF7) BCD add (SFB)
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF-5)
TO
FROM | SLICE ¥ Cn=18 g,pF 2z N DA, DB WRITE 010y, 45 810y UNITS]

Com'l. Mil. | Com’L  Mi. | Com’t. MK.| Com’l. mu.

Com’l. MKE. | Com’l MKE. | Comt. MM | Coml. M.

A BAddr| Any 64 68 64 68 60 65| 67 |78

38 |44| -

ns

as

ns

ns
ns
S0, 15 , ! . = e £l ns
SF5: F=5+CpltZ=L Y=F
F=S+Cnit Z=H Q=Q
Y15=815 P F15 (MSS) N=F15 Z=L
Z=815 (MSS) N=F15 $*S15; Z«H
NOTES:
1. A*—"means the delay path does not exist.

2. An "*" means the outpul may be enabled or disabled by the input; refer to function table.
3. This specification is not tested.
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403 GUARANTEED MILITARY AND COMMERCIAL RANGE PERFORMANCE

DIVIDE INSTRUCTIONS (SF-A, C & E)

TO
FROM |SLICE A Cn=16 G,F z N DA, DB Qiog, 15 8i045 |UNITS
Com’l. M| Com’t. MB. | Com’l. M. | Com’l. MI | Com'l. MN. Com'l. M. Com’l, MHN. | Com’l. MN.
A BAddr| Any | 59 64| 64 |68 64 | 68 ns
DA DB | Any | 48 521 41 |43 41 46 ns
Cp Any | 40 ‘}7 22 |25 - = ns
ts-0 ns
CP ns
F4 2
(OEy = - = bt - = - - - ta ns
low)
si0g, 15 | Any | 30 3B - -7 = - e e - - - - - =1 ns
NOTES:
1. Onty 1st divide and normaiization
2. Onlytwo's compiement divide and two's complement divide correction
Double Length Normailze and First Divide Op Two's Complement Divide Divide C: and
SFA: F=8+C, SFC: F=S+R+CpritZ=L S=CnitZ=L
N=F15 F=S-R-14Ch Z=H S-R-1+CpifZ=
SI015=F15 4rR15 (MSS) Sloggmﬁﬁ ) Z=Fr5ﬁ13 {MS) from previous cycle
GCp+ 16=F15 4 F14 (MSS) (MSS) from previous cycle Y=F
OVR=! sz-m (MSS) Y=Log 2F Q=Log 2Q
Z=U0WT T2 T3.. . GTEFOF1F2F3.. _F15 Q=Log 20
Y=Log 2F
Q=Llog 20
SINGLE LENGTH NORMALIZATION (SF-8)
T0
FROM |suice Y Cn=16 G, F z N DA, DB Qiog, 15 SI0ys [UNITH
Com’l.  MH. Com’l. Mi. j Com’l. M.

Com’l. MR.| Coml. Mi. | Com’t. MR [ Com’l. WA

A BAdar Any | 59 64| 64 |68 64 68 - 2

Com’l. M.

ns

DA, DB

Cn

cP

ns

ns

ns

ns.

Si0g, 15

ns

NOTES:
1. A"-—" means the delay path does not exist.

An "** means the outpul may be enabled or dlsabled by the Input relnr to function table.
Function Table.

2.
3. This specification is nol tested but Is
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

CLK

[ L

SCLK I_'
"‘ teve —* I" ‘s"'

b tyy—e]

o |

SDO I 3(

I"‘H

Figure 11. IDT49C403 SPC Timing Waveforms

IDT49C403/A SPC AC TIMING

SYMBOL PARAMETERS TEST CONDITIONS MIN. MAX. UNIT
top SCLK TO SDO 3 15 ns
trp C/D to SDO 3 50 ns
ts C/D to SCLK 5 - ns
ts CLK to C/D 20 - ns
ts SDI to SCLK A, = 5000 10 - ns
ty C/D to SCLK C, = 50pF 5 — ns
ty CLK to SCLK 5 - ns
ty SDI to SCLK 5 - ns
tw Pulse Width SCLK 20 — ns
teve SCLK Period 50 - ns
te Execution, C/D to SCLK 50 - ns

CMOS TESTING CONSIDERATIONS

There are certain testing considerations which must be taken
into account when testing high-speed CMOS davices in an auto-
matic environment. These are:

1) Proper decoupling at the test head is necessary. Placement of
the capacitor set and the value of capacitors used is critical in
reducing the potential erroneous failures resulting from large
Vee current changes. Capacitor lead length must be short and
as close to the DUT power pins as possible.

2) Allinput pins should be connected to a voltage potential during
testing. if left floating, the device may begin to oscillate causing
improper device operation and possible latchup.

3) Definition of input levels is very important. Since many inputs
may change coincidentally, significant noise at the device pins
may cause the ViLand V4 levels not to be met until the noise has
settled. To allow for this testing/board induced noise, IDT rec-
ommends using Vi < OV and Vi > 3V for AC tests.

4) Device grounding is extremely important for proper device test-
ing. The use of muiti-layer performance boards with radial
decoupling between power and ground planes is required. The
ground plane must be sustained from the performance board to
the DUT interface board. All unused interconnect pins must be
properly connected to the ground pin. Heavy gauge stranded
wire shouid be used for power wiring and twisted pairs are rec-
ommended to minimize inductance.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C403 INPUT/OUTPUT
INTERFACE CIRCUITRY

ESD
PROTECTION
hH
—
INPUTS »——Do—
R

Figure 12. Input Structure (All Inputs)

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 1V/ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figure 15

SWITCHING WAVEFORMS

Vec

Figure 13. Output Structure (All Outputs)

Figure 14. Open Drain Structure

inputs 3V 1.5v
ov
- ty
3.0v |
cock “oo N\ Siev A 2T
cLOCK STPOT
OUTPUT | ————— ] DELAY
DELAY
OUTPUTS
TEST LOAD CIRCUIT
Vee o 70V TEST SWITCH
: Open Drain
Disable Low Closed
5000 Enable Low
Vin Vout All Other Outputs Open
Pulse D.UT
Generator o DEFINITIONS
R gODF 5000 C_= Load capaciancs includes jig and probe capacitance
T L R= Termination resistance: should be equal to Zour
l of the puise generator
Figure 15. Test Load Circuit
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

49C403 X X X
T Device Type Speed Package Process/
Temperature
Range
Blank Commercial (0°C to +70°C)
B Military (~55°C to + 125°C)
Compliant to MIL-STD-883, Class B
— G Pin Grid Array
| Blank Standard Speed
1A High Speed
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