INTEGRATED DEVICE

14 D W LiBESI'?'?]; 0003911 7

16-BITCMOS =~ *~ ' IDT49C410
- |l MICROPROGRAM =~ . = - IDT49C410A
' EQUENCER - LD e
integrated Devicechnoiogyine.| | SEQ g ]
MICROSLICE™PRODUCT ~ * - ~© = "=
FEATURES: e DESCRIPTION: ' o

» 16-bit wide address path

The IDT49C410s are architecture and function code compatible

— Address up to 65,536 words of microprogram memory . tothe 2010A withan expanded 16-bit address path, thus allowing

* 16-bit loop counter B 7
— Pre-settable down-counter for counting loop iterations and
~ repeating instructions : - R L
s Low-power CEMOS™

—lec (max.)

Military: S0mA
Commercial: 76mA

» Fast -

— IDTA9C410 meets 2010A speeds
— IDT49C410A 30% speed upgrade

* 33-deep stack

for programs up to 65,536 words In length. They are microprogram
address sequencers Intended for controlling the sequence of exe-

cution of microlnstructions stored in microprogram memory. Be-
sides the capabllity of sequential access, they provide conditional

branching to any microinstruction within their 65,536 microword .

Lt .. range. -
- : The 33-deep stack provides microsubroutine return linkageand

looping capability. The deep stack can be used for highly nested

microcode applications. Microinstruction loop count control is

. provided with a count capacity of 65,536. .

During each micreinstruction, the microprogram controller pro-

vides a 16-bit address from one of four sources: 1) the

microprogram address reglster (sPC), which usually contains an

— Accommodates highly nested microoodé ' - address one greater than the previous address; 2) an external (di-

+ 16 powerful microinstructions

_rect)input (D); 3) a register/counter (R) retalning data loaded dur-
* Ing a previous microinstruction; or 4) a last-In/first-out stack (F).

— Executes 16 sequence control instructions . The IDT49C410s are fabricated using CEMOS, a CMOS tech-
» Availabla In 48-pin 600 mll plastic and sidebraze, 48-pln 400mil  nology designed for high peérformance and high reliability.
SHRINK-DIP, 52-pin PLCC and 48-pin Flatpack " The IDT49C410s are pin-compatible, performance-enhariced,
« Thres enables controf branch address sources easily upgradable versions of the 2910A. .. ST
e Four address sources B ' The IDT49C410s are avallable In 48-pin DIPs (600 mil x 100 mil
» 2910A Instruction compatibllity : ) t _ centersorspace-saving 400 milx70 mil centers), 52-pin PLCCand
» Military product avallable compliant to MIL-STD-883, Class B 48-pin flatpacks. i -
. .

Standard Military Drawing #5962-88643 s listed for this
function
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" IDT49C410 PIN DESCRIPTIONS
PIN NAME I /(e DESCRIPTION
>y ! .Direct input to register/counter
. . and muitiplexer, Dy Is LSB.
[} - L Selects one of sixteen instructions. )
cc . l Used as test criterion. Pass testis a
LOW on CC.
Whenever the signal is HIGH, CC
CCEN i Is ignored and the part operates
as though CC were true (LOW).
ci | Low order canry input to Incremen-
R ter for microprogram counter.
_ When LOW forces loading of reg-
RLD I - | ister/counter regardless of In-
struction or condition.
OE 1 Three-state control of Y outputs.
cp | Triggers all internal state changes
at LOW-to-HIGH edge.
Y o Address to microprogram
| memory. Yy Is LSB, Y5 Is MSB.
=T Indicates that 33 ftems are on the
FULL o - stack.
. Can select #1 source (usually
PL o} Pipeline Register) as direct input
source. .
Can select #2 source (usually
MAP (s} Mapping PROM or PLA) as
direct input source.
Can select #3 source (for
VECT o example, Interrupt Starting
Address) as direct input source.
. §8-46
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PRODUCT DESCRIPTION

The IDT49C410s are high-performance CMOS microprogram
sequencers that are Intended for use in very high-speed
microprogrammable microprocessor applications. The sequen-
cors allow for diract control of up to 64K words of microprogram.

The heart of the microprogram sequencer Is a 4-input multl-
plexer that Is used to select one of four address sources to select
#he next microprogram address. These address sources Include

the register/counter, the direct input, the microprogram counteror

the stack as the source for the address of the next microinstruction.

The register/counter consists of sixteen D-type flip-flops which
can contain either an address or a count, These edge-triggered
fiip-flops are under the control of acommon clock enable as wellas
tha four microinstruction control inputs. When the load control
{RDL) is LOW, the dataat the D-Inputs isloaded intothis registeron
the LOW-to-HIGH transition of the clock. Tha output of the register/
counter Is available at the multiplexer as a possible next address
source for the microcode. Also, the terminal count output assocl-
ated with the register/counter Is available atthe Internal Instruction
PLA fo be used as a condltion code input for some of the
microinstructions. The IDT49C410s contain a microprogram

counter that usually contains the address of the next microin- -

struction compared to that currently being executed. The
microprogram counter actually consists of a 16-bltincrementer fol-

lowed by a 16-bit register. The microprogram counter will incre-

ment the address coming out of the sequencer going fo the
microprogram memory if the carry-in Inputto this counter is HIGH;

otherwise, this address will be loaded into the microprogram '

counter, Normally, this carry-in input Is set to the logic HIGH state
sothat the Incrementer will be active. Should the carry Input be set
£0OW, the same address Is loaded Into the microprogram counter.
This Is atechnique that can be used to allow execution of the same
microlnstruction several times.

There are sixteen D-inputs on the IDT49C410s that go directly to
the address multiplexer. These Inputs are used toprovide a branch
address that can come directly from the microcode or some other

external source. The fourth input available to the multiplexer for *

next address control Is the 33-deep, 16-bit wide LIFO stack. The
LIFO stack provides retum address linkage for subroutines and
foops. The IDT49C410s contaln a bullt-in stack polnter thatalways
polnts to the last stack location written, This allows for stack refer-
ence operations, usually called loops, to be performed without
popping the stack.

The stack pointer internal to the IDT49C410s Is actually an up/
down counter. During the execution of microinstructions one, four
and five, the PUSH operation may occur depending on the state of
the condition coda Input. This causes the stack pointerto ba incre-
mented by one and the stack to be written with the required retum

microprogram cycle following the PUSH, this new return linkage

MILITARY AND COMMERCIAL TI'EM-PERA_TURE RANGES.
' T-49-17-

o Ilnkage {the value contained inthe microprogram counter). Onthe

50

data that was In the microprogram counter is now at the new loca-

{lon pointed to by the stack polnter. Thus, any time the multiplexer

looks at the stack, It will see this data on top of the stack.
- During five different microinstructions, a pop operation associ-
ated with the stack may occur. Ifthe pop ocours, the stack pointeris

decremented at the next LOW-to-HIGH transition of the clock. A -

pap decrements the stack pointer whichisthe equivalent of remov-
ing the old information from the top of the stack, -
The IDT49C410s are designed so that the stack polinter linkage
allows any sequence of pushes, pops or stack references to be
used. The depth of the stack can grow to a full 33 locations. Aftera

" depth of 33 Is reached, the FULL output goes LOW. If further

PUSHes are attempted when the stack Is full, the stack information
atthe top of the stack will be destroyed but the stack polinter will not
end around. It is necessary to Initialize the stack pointer when
power is first tumed on. This is performed by exscuting a RESET

instruction (instruction 0). This sets the stack pointer to the stack . -

empty position—the equivalent depth of 0. Similarly, a popfroman
emply stack may place unknown data on the Y outputs, but the
stack polnter Is designed so as not to end around. Thus, the stack
pointer will remaln at the 0 or stack emply location if a pop is ex
cuted while the stack is already empty. - . -

.. The IDT49C410s' intenal 16-bit register/counter is used during
microinstructions elght, nine and fiftean. During these instructions,
the 16-bit counter acts as a down counter and the terminal count
(count = 0) Is used by the Interal instruction PLA as an input to
control the microinstruction branch test capability. The design of
the Internal counter Is such that, if it is preloaded with a number N

~and then this counter is used in a microprogram loop, the actual
sequenceintheloop willbe executed N + 1times. Thus, itis possi-
ble to load the counter with a count of 0 and this will result in the
microcode being executed one time. The 3-way branch microin-
struction, Instruction 15, uses both the loop counter and the exter-

nal condition code input to control tha final source address from -

the Y outputs of the microprogram sequencer, This 3-way branch

may result in the next address coming from the D Inputs, the stack .

or the microprogram counter.

The IDT43C410s provide a 16-bit address at the Y outputs that

are under control of the OE input. Thus, the outputs ¢an be put in

the three-state mode, allowing the writable control store to be

loaded or certain types of extemal diagnostics to be executed.
In summary, the IDT49C410s are the most powerful
microprogram sequencers curently available. They provide the

deapest stack, the highest performance and the lowast power dis-

sipation for today's microprogrammed machine deslgn.
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FIGURE 1. IDT49410 FLOW DIAGRAMS . .-~

' T-49- - S/
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IDT49C410 OPERATION - .- -~ - ° =~ =

The IDT48C410s are CMOS pin-compatible Implementations of
the Am2910 and Am2910A microprogram sequencers. The
IDT49C410 sequencers are functionally identical except that they
are 16 blis wide and provide a 33-deep stack to give the
microprogrammer more capabllity in terms of micfoprogram sub-
routines and microprogram loops. The definition of each
microprogram instruction Is shown Inthe table of instructions. This
tabla shows the results of each Instruction in terms of controlling
the multiplexer which determines the Y cutputs and In controlling
the signals that can be used to enable various branch address
sources. {PL,MAP, VECT ). The operation of the register/counter
ard the 33-deep stack after the next LOW-to-HIGH transition of the
clock are also shown. The Internal multiplexer Is used to select
which of the Intemal sources Is used to drive the Y outputs. The ac-

tual value loaded into the microprogram counter is either identical

tothe Y outputorthe Y output valus is incremented by 1and placed
In the microprogram counter. This function Is under the control of
the canry Input. For eachiof the microlnstruction inputs, only one of
the three outputs (PL, MAP or VECT ) will be LOW. Note that this

function is not determined by any of the possible condition code -
nputs. These oulputs can be used to control the three-state selec-

tion of one of the sources for the microprogram branches.

Two inputs, CC and CCEN, can be used to control the condi-
tional Instructions. These are fully defined in the table of instruc-
tions, The RLD Input can be used fo load the intemal register/
counter at any time. When thisinputis LOW, the data atthe D Inputs
willbe loaded into this register/counter onthe LOW-to-HIGH transi-
tion of the clock.Thus, the RLD Input overrides the internal hold or
decrement oparations specified by the varlous microlnstructions.
The OE Input is normally LOW and Is used as the three-state en-
able for the Y outputs. The Internal stack in the IDT49C410s is a
fast-in/first-out memory that s 16 bits In width and 33 words deep. it
has a stack polinter that addresses the stack and always polnts to
the value currently on the top of the stack. When Instruction 0 (RE-
SET) Is exscuted, the stack pointer Is Initialized to the top of the
stack which is, by definition, the stack empty condition. Thus, the
contents of the top of the stack are undéfined until the forced PUSH
occurs. A pop parformed while the stack Is empty will not change
thestack pointer in any way; however, it wilt result In unknown data
atthe Y outputs. .

By definition, the stack Is full any time 33 more PUSHes than
pops have occurred since the stack was last empty. When this hap-
pens, the FULL flag will go LOW. This signal first goes LOW on the
microcycle after the 33 pushes occur, When this signal is LOW, no
additional pushes should be attempted or the Information on the
top of the stack will be lost. T . .

THE IDT49C410 INSTRUCTION SET

This data sheet contains a block diagram of the IDT49C410
microprogram sequencers. As can be seen, the devices are con-
trolled by a 4-bit microinstruction word {I3-lo). Normatly, this word
issupplied from cne 4-bit field of the microinstruction word assocl-
ated with the entire state machine system. Thess four bits provide
for the salection of one of the sixteen powerful Instructions assocl-
ated with selecting the address of the next microinstruction, Un-
used Y outputs can be left open; however, the corresponding most
significant D inputs should be tied to ground for smaller
microwords. This Is necessary to make sure the intemal operation
of the counter Is proper should less than 64K of microcode ba im-
plemented. As shown In the block diagram, the intemal Instruction
PLA uses the four Instruction inputs, as wel! as the CC, CCEN and
the internal counter = 0 line for controlling the sequencer. This
internal Instruction PLA provldes all of the necessary Internal con-
trol signals fo control each particular part of the microprogram
sequencar. The next address at the Y outputs of the IDT49C410s
can bs from one of four sources. These Include the internal

" INSTRUCTION 2—

microprogram counter; the lastin/first-out stack; the register/.
counter and the directinputs. - =& - - R

The following paragraphs will describe each instruction assocl-
ated with the IDT49C410s. As a part of the discusslon, an example
of each instruction Is shown in Figure 1. The purpose of the exam-
ples is to show microprogram flow. Thus, In each example the mi-
croinstruction currently being executed has a circle around it. That
is, this microinstruction Is assumed to be the contents of the pipe-
line reglster at the oulput of the microprogram meraory, In these
drawings, each of the dots refers to the time that the contents of the
microprogram memory word would be In the pipeline register and
is currently being executed. . S _—

INSTRUCTIONO—- = -
JUMP 0 (J2) TR T

_This Instruction is used at power-up time or at any restart se-
"quence when the need is to reset the stack pointer and jumptothe
very first address in microprogram memory. The Jump 0 Instruc-
tion does not change the contents af the reglster/counter, -

INSTRUCTION 1— A
CONDITIONAL JUMP TO SUBROUTINE (CJS)

> The Conditional Jump to Subroutine Instruction is the one used
to call microprogram subroutines. The subroutine address will be
contained in the pipeline register and presented at the D inputs, If
the condition code test Is passed, a branch is taken to the subrou-
tine. Referring to the flow diagram for the IDT49C410s shown infig-
ure 1, we see that the content of the microprogram counter Is 68.
This value Is pushed onto the stack and the top of the stack pointer

* s incremented. If the test Is falled, then this conditional Jump to

Subroutine Instruction behaves as a simple continue. That is, the
contents of mlcroinstmctlon address 68 are executed next.

JUMP MAP (JMAP)

This sequencer Instruction can be used to start different
‘microprogram routines based on the machine Instruction opcode.
This Is typically accomplished by using a mapping PROM as an
Input to the D inputs on the microprogram sequencer. The JMAP
Instruction branches to the address appearing on the D Inputs. In
the flow diagram shown in Figure 1, we see that the branch actually
will be to the contents of microinstruction 85 and this instruction
will be executed next. E :

INSTRUCTION3— -~ =
CONDITIONAL JUMP PIPELINE (CJP S

The simplest branching control avallable in the 1DT49C410
microprogram sequencers is that of Conditional Jump to Address.
Inthis instruction, the jump address is usually contalned in the mi-
cralnstruction pipeline register and presentedto the D inputs. if the
testIs passed, the jJump Is taken. If thatest fails, this Insiruction exe-
cutes as a simple continua. In the example shown in the flow dia-
gram of Figure 1, we see that, If the test is passed, the next mi-
crolnstruction to be executed Is the contents of address 25. If the
test Is falled, the microcode simply continues to the contents of the
next instruction. ST

INSTRUCTION 4— SRR
PUSH/CONDITIONAL LOAD COUNTER (PUSH)

- With this Instruction, the counter can be conditionally loaded
during the same Instruction that pushes the current value of the
microprogram counter on to the stack. Under any condition inde-
pendent of the conditional testing, the microprogram counter Is
pushad on to the stack. Ifthe conditional test Is passed, the counter
will be loaded with the value on the D inputs to the sequencer. ifthe

$8-49
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test falls, the contents of the counter will not change. The PUSH/

Conditionatl Load Counter instruction is used in conjunction with
the loop Instruction (Instruction 13), the repeat file based on the

counter mstructlon (Instruction 9) or the 3—way branch insuuctlon

(Ins!ructlon 15)

IDT49C410 INSTRUCTION OPERATIONAL SUMMARY

7"/7»/7—5/

NC = No Change; DEC = Decremenl

INSTRUCTION 5—
CONDITIONAL JUMP TO SUBROUTINE R/PL
(JSRP)

. Subroutines may be caued by a Conditional Jump Subrouﬂne
from the Internal register or from the external pipaline register. In
this instruction, the contents of the microprogram counter are
pushed on the stack and the branch address for the subroutine call
will be taken from either the internal register/counter or the external
pipeline register presented to the D inputs. if the conditional test Is
passed, the subroutine address will be taken from the pipeline reg-
Ister. If the conditionat test fails, the branch address Is taken from
theinternal register/counter. An example of this is shown in the flow
diagram of Figure 1.

INSTRUCTION 6 — : .
CONDITIONAL JUMP VECTOR (CJV)

The Conditionat Jump Vector instruction is similar to the Jump
Map instruction In that it allows a branch operation to a microin-
struction, as defined from some external source. This instructionis
similar to the Jump Map instruction except that it Is conditional.
The Jump Map instruction is unconditional. if the conditional test is
passed, the branch is taken fo the new address on the D inputs. If

COUNTER _ ADDRESS - REGISTER/ ENABLE

Lty | MNEMONIC cc “TEST STACK SOURCE COUNTER SELECT

0 - JZ X X CLEAR 0 'NC PL .
1 oS PASS - X PUSH D NG PL
. FAIL X NC PC NG PL
2 JMAP X X NC ‘D NC VAP
PASS X NC 0 NC L
3 cp FAIL "X NG PG NC oL
PASS X PUSH PC LOAD . BL
4 PUSH FAIL X PUSH - PC NG . PL
. e - | - pass - X PUSH - D "NC PL
§° < JISRP - RAlL X PUSH - R NC PL
PASS X NC D NC VECT

6 cv FAIL X NC : PC : NC VEGT
- PASS X NC D NC PL .
7 .| . JRP © FAIL X NC R _NC PL
R X =0 POP . PC NC PL
8 _ RFOT X - NOT =0 NC - 'STACK DEC PL
2T X = . NC PC NC. PL
9 " RPCT L X © NOT=0 NC . D DEC PL
. PASS X POP . - STACK NC FL
10 .} CRWN “FAIL X NC PC NC PL
. PASS X POP . D NC - PL
1. PP FAIL X NG PC . NC PL
12 LOCT X X NC - _PC "~ LOAD PL
PASS X POP .. PC .. NC - . EL
3 Loor FAIL X NG ~ STACK NG PL
14 CONT. 1 . x X NC PC - NC PL
- PASS - =0 POP . PC NC FL
. TWE PASS NOT =0 FOP PC DEC PL
> FAIL =0 POP . D - NC FL
FAIL NOT = 0 NC STACK DEC PL

the conditional test Is falled, no branch is taken but rather the
microcode simply continues to the next sequential microin-
struction. When this instruction Is exscuted, the VECT output Is
LOW unconditionally. Thus, an external 16-bit field can be enabled
on to the D Inputs of the microprogram sequencer.

INSTRUCTION 7 —
CONDITIONAL JUMP R/PL (JRP)

The Conditional Jump register/counter or external pipsline reg-
ister always causes a branch in microcode. This jump willbe toone
oftwo different locations In the microcode address space. If the test
Is passed, the jJump will be to the address presented onthe D inputs

" to the microprogram sequencer. If tha conditional test fails, the

branch will be to the address contained in the Intemal
register/counter. .. .

INSTRUCTION 8~
REPEAT LOOP COUNTER NOT EQUAL TO 0
(RFCT)

This instruction utilizes the loop counter and the stack to lmple—

ment microprogrammed .loops. The start address for the loop
would be initialized by using the PUSH/conditlonal load counter

$8-50
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instruction. Then, when the repéat loop Instruction is‘executed, If
the counter is not equal to 0, the next microword address will be

taken from the stack. This will cause a loop to be executed as -

shown In the Figure 1 flow diagram. Each time the microcods se-
quence goes arcund the loop, the counter is decremented. When
tha counter reaches 0, the stack will be popped and the microin-
struction address will be taken from the microprogram counter.
This instruction performs a timed wait or allows a single sequence

to be executed to the desired number of times. Remember, theac-

tual number of loops performed is equal to the valus In the counter
plus 1. ) - :

INSTRUCTION 9— . T
REPEAT PIPELINE, COUNTER NOT EQUAL TO 0
(RPCT) : : s

This instruction Is another technique for implementing a loop
using the counter. Here, the branch address for the loop is can-
tained in the pipeline register. This Instruction does not use the
stack in any way as a part of its implementation. As long as the
counter Is not equal to 0, the next microwoerd address will be taken
from the D inputs of the microprogram sequencer. When the
counter reaches 0, the intemnal multiplexer wlll select the address
source from the microprogram counter, thus causing the
microcode to continue on and leave the loop.

INSTRUCTION 10—
CONDITIONAL RETURN (CRTN)

The Conditional Return instruction Is used for terminating sub-
routines. The fact that it is conditional allows the subroutine either
to be ended or continue. If the conditional test Is passed, the ad-
dress of the next microinstruction will be taken from the stack and it

will be popped. If the conditional test fails, the ‘next microin-

struction address will come from the internal microprogram
counter. This Is depicted in the flow diagram of Figure 1. It Is impor-
fant to remember that every subroutine call must somewhere be
“followed by a return from subroutine call in order to have an equal
number of pushes and pops on the stack. . i . -

INSTRUCTION 11— : .
CONDITIONAL JUMP PIPELINE AND POP (CJPP)

The Conditional Jump Pipeline and Pop Instruction Is a tech-
nique for exiting a loop from within the middle of the loop. This Is
depicted fully In the flow diagrams for the IDT49C410s as shown in
Figure 1. The conditional test input for this instruction results in a
branch being taken if the test is passed. The address selected will
be that on the D inputs to the microprogram sequencer and since
tha loop In being terminated, the stack will be popped. Should the
test be failed on the conditional test inputs, the microprogram will

- simply continue to the next address as taken from the
microprogram counter. The stack will not be affected if the condi-
tionat test input is failed.

INSTRUCTION 12—
LOAD COUNTER AND CONTINUE (LDCT)
The Load Counter and Continue Instruction s used to place a

value of the D inputs inthe register/counter and continue to the next
microinstruction.

~ ten on the stack. :

MILITARY AND COMMERCIALTEMPERATURE RANGES ~ * | .

INSTRUCTION 13— - '. 7:4/?'/ 7’5/

TEST END OF LOOP (LOOP)

The Test End of Loop Instruction is used as a last instruction in
loop assoclated with the stack. During this instruction, if the condi-
tlonal test input is failed, the loop branch address will bathatonthe
stack. Since we may go around the loop & number if times, the
stack Is not popped. If the conditional test input Is passed, the loop
Is terminated and the stack is popped. Notice that the loop instruc-
tion requires a PUSH to be performed at the instruction immedi-
ately prior to the loop retum addrass. This Is necessary in order to

" have the correct address on the stack before the loop operation.

For this reason, the stack pointer always polintsto the last thing writ-

INSTRUCTION 14—

CONTINUE (CONT) B
- The Continue instruction Is a simple instruction whereby the ad-

dress for the microinstruction Is taken from the microprogram

counter. This instruction simply causes sequential program flow to

the next microlnstructl_on in micrdcods memory. B

INSTRUCTION 15—

THREE WAY BRANCH (TWB)

The Three Way Branch instruction is used for looping while wait-
ing for a conditional event to come true. If the event does notcome

* true after some number of microinstructions, a branch Is taken to

another microprogram sequence. This is dapicted In Figure 1
showing the IDT49C410 flow diagrams and is also described infult
detail Inthe IDT49C410s’ instruction operational summary. Opera-
tion of the instruction Is such that, any time the external conditional
test input Is passed, the next microinstruction will- be that associ-
ated with the program counter and the loop will be left; the stack is
also popped. Thus, the external test Input overrides the other possi-
bilities. Should the external conditional test Input not be true, then
the rest of the operation Is controlled by the Internal counter. if the
counter is not equal to 0, the loop is taken by selecting the address
on the top of the stack as the address out of the Y oulputs of the
IDT49C410s, In addition, the counter Is decremented. Should the
external conditional test input be failed and the counter also have
counted to 0, then this instruction “times out”. The result is that the
stack Is popped and a branch Is taken to the address presented to
the D Inputs of the IDT49C410 microprogram sequencers. Thisad-
dress s usually provided by the external pipeline register.

CONDITIONAL TEST )

Throughout this discussion we have talked about microcode
passing the conditional fest. There are actually two inputs associ-
ated with the conditional test Input. These Include the CCEN and
the CC Inputs, The CCEN input is a condition code enable. When-
aver the CCEN input is HIGH, the CC input is ignored and the de-
vice operates as though the CC input were true (LOW). Thus, afall
of the external test condition can be defined as CCEN equals LOW
and CC equals HIGH. A pass condition Is defined as a CCEN
equal to HIGH or a CC equal to LOW. It Is important to recognize
the full function of the condition code enable and the condition
code Inputs in order to understand when the test Is passed or
failed. T
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. IDT49C410/A 16-BIT CMOS
- MICROPROGRAM SEQUENCER

INTEGRATED DEVICE
ABSOLUTE MAXIMUM RATINGS @ -

l'-IE D B 4825771 0003918 T :-

T MILITARYANDCOMMERCIALTEMPERATUHERANGES

TY912-51 ~

CAPACITANCE (Ty= +25°C, f = 1.0MH2)

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 a time. Duration of the short circult test should not exceed one second,
4. These input levels provide zero nolse immunity and should anly be static tested In a noise-free snvironment.

SYMBOL RATING COMMERCIAL| MILITARY | UNIT}! = ISYMBOL| PARAMETER(D CONDITIONS | TYP. | UNIT
. | Terminal Voltage e .. - N _
Vigmu | With Respectto | -05t0 +7.0°|-0510 +7.0[ V On__ | Input Cepacitance Vin = OV 5 pF
_ | GND o ) Cour | Output Capacitance Vour= OV 7 pF
Operating g -- - . NOTE: s
Ta ] Temperature 0 t‘.’ +70 i -85to +125| °C 1. “This parameter is sampled and not 100% tested
- - | Temperature - _ . - e -
.T8as | under Bias -850 +126 |-6510 +135] °C
1+ Storage R _ "
“Tsto | Tomperature 6510 +1256 [-651t0 +150| °C _ _
Pr | Power Dissipation 1.0 1.0 w LA ey
lour | DC Output Cument 30 30 mA ’ ’ -
NOTE: . -
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- E EE
INGS may cause permanentdamage to the device, Thisis a stress rat- [ . -
Ing only and functional operation of the device at these or any other : oo :
conditions above those Indicated in the opsrational sections of this
specificationis notimplied. Exposure to absolute maximumrating con-
ditions for extended periods may affect reliability.
-DC ELECTRICAL CHARACTERISTICS 3
Ta = 0°Cto +70°C - Voo = 8.0V + 6% (Commercial)
Tp = -55°Cfo +125°C ’ Vg = 5.0V + 10% (Military)
Vg = 0.2V . = N [T
VHC = VCG -02v ) -
SYMBOL - PARAMETER . TEST CONDITIONS (" MIN. | TYP@ | MAX. | UNIT
Vi | Output HIGH Level Guaranteed Logic High Levet ¥ . 20 - - v
Vi - | Output LOW Level Guaranteed Logic Low Level (4 - - - 08 v
Lo Input HIGH Current Voo = Max., Viy = Vo . - 041 5 pA
" Input LOW Current Voo = Max., Viy = GND - -0.1 -5 MA
’ S lon = -300pA Vo | Ve | -
. e Voo = Min,
Vor Output HIGH Voftage loy = =12mA MIL. 24 43 - v
- Vin = Vimor\
loy = -15mA COM'L. 24 4.3 -
IOL = 3()(),|A - GND VLC X
v Output LOW Volta Yoo = Min. low = 20mA MIL. 03 |05 ] V
o = - 3 3
o ) 9 Vi = Vis or\f, >
: o = 24mA COM'L. - 0.3 05
oy © | OffState (High Impedance) Voo = Max. ) Vo =0 - -01 | -10 JA
Output Current Vo = Vo (Max.) - 0.1 10
los Output Short Circuit Current Vo = Min, Voyr = OV ) -30 - - mA
NOTES: :
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INTEGRATED DEVICE L4E D N '_4525?7]: go034919 ].n ] o
(DTASCHIO/A 1G-BITCMOS - et e R
MICROPROGRAM SEQUENCER o MILITARY AND COMMERCIAL TEMPERATURE RANGES

=~

DC ELECTRICAL CHARACTERISTICS (Cont'd) T cmy
Ta= 0°Cto +70°C Ve = 5.0V + 5% (Commercial) o ST e e S, e
Ta= -55°Cto +125°C ’ Voo = 5.0V x 10% (Military) T TR Lo . PR

Vig =02V ’ - ’ e T

Voo = Vo - 0.2V

(491757

SYMBOL ©° 'PARAMETER ) TEST CONDITIONS (1 UNIT
. Voo = Max. ’ N - |
Quiescent Power Su Current AL IS E ?
focan CP = H(CMOS mooe) S| WosViuo Vs Me R sep e 8 | 80 | ‘mA
: fc =0,CP=H ' : .
o ] Ve = Max, . .. s e . . . .
lecoL " Quiescent Power Supply Current y : o N D R
: | Qe oS ey, MoV esVie 0L L 3% | 80| mA , Ug
- - fcp=0,CP=L . et . i . " : 3 oo
lear Quiescent Input Power Suppty o M My = A N o L ‘mA/ i
Current {per input @ TTL High)® Voo = Max. Viy = 34V, fcp = 0 ’ R 03 05 Input :
L Voo = Max. : e MIL — | 10 | 30 Al 13
leco Dynamic Power Supply Current Ve <V Vi< Mo - L ! A m §
y PPy _ Outputs Open, OE = L o comL| = 10 | 15 | MHz i
Voo = Max., fop = 10MHZ T ~ Lo
Coouts OperyOE = L . |[M- 4] 80 | £
: : . : CP = 60% Duty oycle . .
. .l S com| - 45 65 |. :
. <V VLSV . R | : -
lec - . Total Power Supply Current® - VHC'_“H Vi Lo mA |5
N . VCC = Max., fcp_—_ 10MHz MIL - - 50 a0 14
Outputs Open, OE = L O . . e {
CP = 50% Duty cycle .- - e 5o
Vo SVin . ViLsVig - =< ’ COML. 50 75
HOTES:

5. lecar Isderived by measuriﬁg thé total current with all thé inputs tied together at 3.4V, subtracting out lecan, then dividing by the total number of Inputs.
6. Total Supply Currentis the sumofthe Qulescentcurrentand the Dynamic current (at either CMOS or TTL inputlevels). For ali conditions, the Total Supply
Current can be calculated by using the following equation: . L. : . . . PO .

ke = lecos (CDH) + kecoat (l1’ - CDn) + leor (N X D) + leco (for) |

iy e

€Dy = Clock duty cycle high period EE
Dy = Data duty cycle TTL high period (Vy = 3.4V)
Ny = Number of dynamic inputs driven at TTL levels

1p = Clock Input Frequency o ; 3 L . . s

CMOS TESTING CONSIDERATIONS R 3) Definition of input levels Is very important. Since many inputs ) ?

- may change coincidentally, significant nolse at the device pins ’
There are certain testing considerations which must be taken may cause the Vi.and Vi levels not 1o be met until the nolse has

into account when testing high-speed CMOS davices In an auto- settled. To allow for this testi rd Induced noiss, IDT rec-

matic environment. These are: - . : ommends using ViL < OV and Viu = 3V for AC tests.

1) Proper decoupling at the test head Is necessary. Placement of 4) Devica grounding Is extremely important for proper device test- -
the capacitor set and the value of capacitors used s critical In ing. The use of muiti-layer performance boards with radial :
reducing the potential erroneous failures resuiting from large decoupling between power and ground planes Is required. The -
Veo current changes. Capacitor lead fength must be short and ground plane must be sustained from the performance boardto i
as close to the DUT power pins as possible. ; the DUT Interface board. All unused Interconnect pins must be 3

2) All Input pins should be connected to a voltage potantial during properly connected to the ground pin. Heavy gauge stranded
testing. It Ieft floating, the device may begin to oscillate causing - wire should ba used for power wiring and twisted palrs are rec-

improper device operation and possible latchup. ommended to minimize inductance. ) Lot
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INTEGRATED DEVICE

IDT490410IA 16-BIT CMOS
MICROPROGRAM SEQUENCER

14E D

MILITARY AND COMMERCIAL TEMPERATURE RANGES

HBES??I UDUB‘IED B -

IDT49C410A

AC ELECTRICAL CHARACTERISTICS
I. SET-UP AND HOLD TIMES

IDT49C410

| 7"‘/9 -/ 7-& /.
" AC ELECTRICAL CHARACTERISTICS B
'I. SET-UP AND HOLD TIMES |

t.) th) !.) th)
INPUTS uNIT INPUTS UNIT
] COM'L. ML | comL. MIL. COM'L. MIL. COM'L. MiL
D, —R 6 7 0 0 hs D, —R 16 6 | 0 ns
D —=PC 13 15 o | - o ns D} —PC 30 30 0 0 ns
lo-a 23 25 0 0 ns loa 35 38 0 0 ns
cc 15 18 0 0 ns cé 24 '35 0 0 ns
CCEN 15 18 0 0 ns CCEN 24 35 -0 0 ns’
cl 6 7 0 20 | ns ci 18 - 18 0 0 ns
RID 11 12 0 . 0 ns RID 19 20 0 0 ns
il. COMBINATIONAL DELAYS i Il. COMBINATIONAL DELAYS
INPUTS v = PL, VECT, MAP FULL UNIT INPUTS v F'L,Vﬁ,iﬁ'ﬁ FULL UNIT
com'L.| miL. [comL.] miL. {cowl.] miL ] coM'L.| MIL. |com'L.| mIL. [comL.| mIL.
Doy | 12 15 - - - - | ns Doy | 20 25 ~ - - - ns
g | 20 25 | 13 | 15 - - | ns loa 35 40 | 30 35 - - | ns
cc 16 20 - - - - ns €c 30 368 - ~ - - ns
CCEN 16 20 - - = - ns CCEN 30 36 - - - 1 - ns -
cp 28 33 - - 22 25| ns CP 40 46 - - 31 3 | ns
OEM | 10m0 |d3n3| - - - - | ns GEM | 25r27 | 26130 -~ - - - | ns
NOTE: NOTE:

1. Enable/Disable. Disable times measure t00.5Vchangeon outputvolt-
age level with C,_ = §pF,

lil. CLOCK FAIVEQUIREMENTS

1. Enable/Disable. Disable times measure ta0.5V change onoutputvoit-
age level with CL = 5pF

Ill. CLOCK REQUIREMENTS

COM'L. MIL. UNIT cCoM’L MIL. UNIT
Minimum Clock LOW Time 18 20 ns Minimum Clock LOW Time 20 25 ns
Minimum Clock HIGH Time 17 20 ns Minimum Clock HIGH Time 20 25 ns
Minimum Clock Period 35 40 ns Minimum Clock Pericd &0 51 ns
SWITCHING WAVEFORMS . o
' ' i
wputs 3OV 1.5V
° . " R ts l" t
- cock 3 — s
v _\__7 1.5V \ -1
e B
ouTPUT DELAY
DELAY
~ OUTPUTS
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INTEGRATED DEVICE S _L'-lEVD

IDT49C410/A 16-BIT CMOS T AT U
MICROPROGRAM SEQUENCER MlLITARY AND COMMERGIAL TEMPERATURE RANGES

IDT49C410 INPUT/OUTPUT S TL/Q‘ /7 5 /

INTERFACE CIRCUITRY -~ . .~ ,

- HBES??]: UDUB"iEl T M

’ _ ESD . s
R PROTECTION SR ~ i
™ .
. m—T - - 2 .
INPUTS o——/\/\/\,——Do—— : OUTPUTS
-“— R
E"REE x -
Flgure 1. Input Structure Figure 2. Output Structure
’ h ST L TEST swrrcn
TEST LOAD CIRCUIT : A
. . . . : Open Drain -
. e . ) o - Disable Low . Closed
. - - . <. Enable Low :
Veo All other Qutputs © - Open
" DEFINITIONS
C = Load capacitarice: Includes Jig and probe capacnanca

R-.- = Termination resistance: should be equal to Zgyy of the
Pulse Generator .

Pulse
Generator D'U'T-
- AC TEST CONDITIONS :
i Input Pulse Levels . . GNDto3.0v
4. - Input Rise/Fall Times . 1V/ns
- Input Timing Reference Levels 1.6V
- - Output Reference Levels ) _ 18V
Figure 3. Switching Test Circuits Output Load . See Figure 3
ORDERING INFORMATION
DT 49C410 X X ) X i
Device Type Speed . Package Process/
- - Tempera(ure
Range o - .
Blank " " Commercial (0°Cto +70°C)
B © Military (~55°C to +1256°C)
, _ Compliant to MIL-STD-883 Class B
R P Plastic DIP
XC . Sidebraze SHRINK-DIP
C Sidebraze DIP .
_ J . PLCC .
N F Flatpack
| Blank 16-Bit Microprogram Sequencer
1A Fast 16-Bit Mlcroprogram Sequencer
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