4-BIT CMOS IDT39C09A/B

MICROPROGRAM . IDT39C11A/B
SEQUENCER

MICROSLICE™ PRODUCT

Integrated Device Technology.Inc

FEATURES: DESCRIPTION:

e | ow-power CMOS The IDT39C09/11 devices are high-speed, 4-bit address
—Commercial — 45mA (max.) sequencers intended for controlling the sequence of micro-
—Military — 55mA (max.) instructions located in the microprogram memory. They are fully

® Fast cascadable and can be expanded to any increment of 4 bits.
—A versions meet standard speeds The IDT39C09s can select an address from any four sources:
—B versions are 20% speed upgrades 1) external direct inputs (D); 2) external data from the R inputs,

stored in an internal register; 3) a 9-word deep push-pop stack; or

® 9-Deep stack ) ] .
—Accommodates nested loops and subroutines 4) a_ Program counter rgglster. Also m.cl.uded in the stack are
e Cascadable additional control functions which efficiently execute nested

subroutine linkage. Each output can be ORed with an external
input for conditional skip or branch instructions. A ZERO input

— Infinitely expandable in 4-bit increments

* Available in 28-pin DIP/LCC (IDT39C09) and 20-pin line forces the outputs to all zeroes. All outputs are three-state
DIP/LCC (IDT39C11) and are controlled by the OE (Output Enable) pin.

® Pin-compatible, functional enhancement for all versions of The IDT39C11s operate identically to the IDT39C09s except
the 2909/2911 the four OR outputs are removed and the D and R inputs are tied

e Military product available 100% screened to MIL-STD-883, together. They are fabricated using CEMOS™, a single poly,
Class B double metal CMOS technology designed for high-performance

and high-reliability. Military product is 100% screened to MIL-
STD-883, Class B, making them ideally suited to military temper-
ature applications demanding the highest level of performance
and reliability.
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IDT39C09A/B AND IDT3SC11A/B

(IDT39C09 ONLY)

4-BIT CMOS MICROPROGRAM SEQUENCER MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATIONS
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PIN DESCRIPTION
NAME |I/O DESCRIPTION
$1, S I | Control lines for address source selection.
FE, PUP | Control lines for push/pop stack.
RE I | Enable line for internal address register.
OR. | Logic OR inputs on each address output line.
l

ZERO | Logic AND input on the output lines.

oF , | Output Enabie. When OE is HIGH, the Y outputs
are OFF (high impedance).

C, | Carry-in to the incrementer.

R ) Inputs to the internal address register.

(IDT39C09 ONLY)
D, { Direct inputs to the multiplexer.
Clock input to the AR and uPC register and

cP ! Push-Pop stack.

Y o Address outputs from IDT39C09/11. (Address
i inputs to control memory.)

Chig O | Carry out from the incrementer
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IDT39C09A/B AND IDT39C11A/B
4-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

MICROPROGRAM SEQUENCER
ARCHITECTURE

The IDT39C09/11’s architecture consists of the following
segments:

—Multiplexer

— Direct Inputs

— Address Register

— Microprogram Counter

— Stack

MULTIPLEXER

The multiplexer is controlled by the Sgand S inputs to select
the address source. The two inputs control the selection of the
address register, direct inputs, microprogram counter or stack as
the source of the next microinstruction address.

DIRECT INPUTS

This 4-bit field of inputs (D) allows addresses from an external
source to be output on the Y outputs. On the IDT39C11s, these
inputs are also used as inputs to the register.

ADDRESS REGISTER

The Address Register (AR) consists of 4 D-type, edge-
triggered flip-flops which are controlled by the Register Enable
(RE) input. With the address register enable LOW, new data will
be entered into the register on the clock LOW-to-HIGH transition.
The address register is also available as the next microinstruction
address to the multiplexer.

MICROPROGRAM COUNTER

Both devices contain a microprogram counter (uPC), which
consists of a 4-bit incrementer followed by a 4-bit register. The
incrementer has Carry-in (C,,) and Carry-Out (C.4) foreasy and
simple cascading.

When the least significant carry-in to the incrementer is HIGH,
the microprogram register is loaded on the next clock cycle with
the current Y output word plus one (Y + 1 — uPC). If the least
significant C,, is LOW, the incrementer passes the Y output word
unmodified and the microprogram register is loaded with the
same Y word on the next clock cycle (Y — uPC).

STACK

The 9-deep stack, which stores return addresses when execut-
ing microinstructions, is an input to the multiplexer. It contains a
stack pointer which always points to the last word written. The
added stack depth of 9 on the IDT39C09/11 allows for additional
microinstruction nesting.

The stack pointer is an up/down counter controlled by File
Enable (FE) and Push/Pop (PUP) inputs. When the FE input is

LOW and the PUP input is HIGH, the PUSH operation is enabled.
The stack pointer will then increment and the memory array is
written with the microinstruction address following the subrou-
tine jump that initiated the PUSH. A POP operation is initiated at
the end of a microsubroutine to obtain the return address. APOP
will occur when FE and PUP are both LOW, implying a return
from a subroutine. The next LOW-to-HIGH clock transition
causes the stack pointer to decrement. If the FE input is HIGH, no
action is taken by the stack pointer regardless of any other input.

The ZERO is used to force the four outputs to the binary zero
state. When LOW, all Y outputs are LOW regardless of any other
inputs (except OE). Each Y output bit also has a separate OR
input such that a conditional logic one can be forced at each Y
output (IDT39C09 only). This allows jumping to different micro-
instructions on programmed conditions.

The Output Enable (OE) input controls the Y outputs. When
HIGH, the outputs are programmed to a high impedance
condition.

OPERATION OF THE IDT39C09/11

Figure 1 lists the select codes for the muitiplexer. The two bits
applied from the microword register (and additional combina-
tional logic for branching) determine which data source contains
the address for the next microinstruction. The contents of the
selected source will appear on the Y outputs. Also in Figure 1 is
the truth table i)r the output control and the push/pop stack
control. Sg, Sy, FE and PUP operation is explained in Figure 2. All
four define the address appearing on the Y outputs and the state
of the internal registers following a clock LOW-to-HIGH
transition.

The columns on the left explain the sequence of microinstruc-
tions to be executed. At address J + 2, the sequence control
portion of the microinstruction contains the command “Jump to
subroutine at A”. Atthe time T2, this instruction is in the uWR and
the IDT39C09 inputs are set up to execute the jump and save the
return address. The subroutine address A is applied to the D
inputs from the uWR and appears on the Y outputs. The first
instruction of the subroutine, I(A) is accessed and is at the inputs
of the uWR. On the next clock transition, I(A) is loaded into the
uWR for execution and the return address J + 3 is pushed onto
the stack. The return instruction is executed at T5. Figure 4 is a
similar timing chart showing one subroutine linking to a second,
the latter consisting of only one microinstruction.

Figures 3 and 4 are examples of subroutine execution. The
instruction being executed at any given time is the one contained
in the microword register (uWR). The contents of the uWR also
controls the four signals Sg, S, FE and PUP. The starting address
of the subroutine is applied to the D inputs of the IDT39C09 at
the correct time.
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IDT39C09A/B AND IDT39C11A/B

4-BIT CMOS MICROPROGRAM SEQUENCER MILITARY AND COMMERCIAL TEMPERATURE RANGES
ADDRESS SELECTION OUTPUT CONTROL

S So SOURCE FOR Y OUTPUTS SYMBOL OR, ZERO OE Y,

L L Microprogram Counter uPC X X H z

L H Address/Holding Register AR X L L L

H L Push-Pop stack STKO H H L H

H H Direct inputs D, L H L Source selected by S, S,

Z = High Impedance

SYNCHRONOUS STACK CONTROL
FE | PUP | PUSH-POP STACK CHANGE
H X No change

L H Increment stack pointer, then push current PC

onto STKO
L L Pop stack (decrement stack pointer)
H = High
L=Low
X = Don't Care
Figure 1.
CYCLE S, Sy, FE, PUP uPC REG Yout COMMENT PRINCIPAL USE
N LLLL J K J
N+1 — J+1 K _ Pop Stack End Loop
N LLLH J K J -
N+1 — J+1 K _ Push uPC Set-up Loop
N LLHX J K J ) ;
N+1 _ J+1 K s Continue Continue
N LHLL J K K .
N+1 . K+1 K _ Pop Stack; Use AR for Address End Loop
N LHLH J K K . .
N+1 _ K+1 K _ Push uPC; Jump to Address in AR JSR AR
N LHHX J K K :
N+1 — K+1 K _ Jump to Address in AR JMP AR
N HLLL J K Ra i .
N +1 _ Ra +1 K _ Jump to Address in STKO; Pop Stack RTS
N HLLH J K Ra ' . i
N+1 _ Ra +1 K _ Jump to Address in STKO; Push uPC
N HLHX J K Ra .
N+1 _ Ra + 1 K o Jump to Address in STKO Stack Ref (Loop)
N HHLL J K D .
N +1 _ D+1 K _ Pop Stack; Jump to Address on D End Loop
N HHLH J K D .
N+ 1 — D+1 K _ Jump to Address on D; Push uPC JSRD
N HHHX J K D
N+1 _ D+1 K _ Jump to Address on D JMP D

X =Don't care, 0 = LOW, 1 = HIGH, Assume Cy = HIGH

Figure 2. Output and Internal Next-Cycle Register States for IDT39C09/11
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4-BIT CMOS MICROPROGRAM SEQUENCER MILITARY AND COMMERCIAL TEMPERATURE RANGES
CONTROL MEMORY

In the columns on pages 5 and 6, the sequence of micro-

EXECUTE MICROPROGRAM instructions to be executed are shown. At address J+2, the

CYCLE |appREss| SEQUENCER command “Jump to Subroutine at A" is contained in the

INSTRUCTION sequence control portion of the microinstruction. At time Tp,

J-1 - this instruction is in the uWR, and the IDT39CO09 inputs are set

IO de - up to execute the jump and save the return address. The

T; J+2 JSR A subroutine address A is applied to the D inputs from the uWR

Te J+3 — and appears on the Y outputs. The first instruction of the

T, J+4 — subroutine, I(A), is accessed and is at the inputs of the uWR.

On the next clock transition, I(A) is loaded into the uWR for
execution and the return address J+3 is pushed onto the stack.
_ — The return instruction is executed at Ts. Figure 4 shows a
similar timing chart of one subroutine linking to a second, the

F AA ; I(A) latter consisting of only one microinstruction.
4 + —
Ts A+2 RTS
EXECUTIVE CYCLE T, T, T, T, T, TS Te T, T, To
A L N T T I N N N Oy
SIGNALS —I -
IDT39C09/11 Spdo M M 2 M M 2 M M
Inputs PUP X X H X X L % X
(from wWR) D X X A X X X X X
uPC J+1 J+2 J+3 A+1 A+2 A+3 J+4 J+5
Internal ot | Z - N A B IR B -
Registers STK?2 _ _ _ _ _ _ _ _
STK3 — — — — - — — —
IDT39C09/11 5
Output Y J+1 J+2 A A+1 A+2 J+3 J+4 J+5
ROM Output (Y) I(J+1) JSR A 1(A) (A +1) RTS I(J +3) I(J +4) 1(J + 5)
Contents of uyWR
(Instruction uWR 1(J) IJ+1) | JSRA 1(A) 1A +1) RTS IJ+3) | 1(J+4)
being executed)
C, = High

Figure 3. Subroutine Execution.
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CONTROL MEMORY
MICROPROGRAM
e SEQUENCER
CYCLE
ADDRESS||NSTRUCTION
J-1 -
To J -
T J+1 —
T, J+2 JSR A
To J+3 —
Ts A -
Ts A+1 —
Ts A+2 JSR B
T, A+3 —
Te A+4 RTS
Te B RTS
EXECUTIVE CYCLE T, T, T, T, T, Ts Te T, Ts T,
oL S ) U N U U O S
SIGNALS
S1 So 0 0 3 0 0 3 2 0 2 0
'Dﬁi%ﬁ?:/ i FE H H L H H L L H L H
(from uWR) PUP X X H X X H L X L X
L D X X A X X B X X X X
uPC J+1 J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4
Internal STKO — — — J+3 J+3 J+3 A+3 J+3 J+3 —
Registers STK1 - - - - J+3 - -
STK2 — — — - - - — — — -
STK3 — — - — - — - - — —
IDT39C09/11
Output % J+1 J+2 A A+1 A+2 B A+3 A+4 J+3 J+4
ROM Output R%) IJ+1) | JSRA 1(A) I(A+1) | JSRB RTS | I(A+3) RTS 1J+3) | 1(J+4)
Contents of uWR
(Instruction uWR 1(J) IJ+1) | JSRA 1(A) I(A+1) | JSRB RTS | I(A+3) RTS 1(J + 3)
being executed)
C, =High

Figure 4. Two Nested Subr

"

B is Only One Instruction.
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IDT39C09/11 APPLICATIONS

The IDT39C09 and IDT39C11 are four-bit-slice sequencers
which are cascaded to form a microprogram memory address
generator. Both products make available to the user several
lines which are used to directly control the internal holding
register, multiplexer and stack. By appropriate control of these
lines, the user can implement any desired set of sequence
control functions; by cascading parts he can generate any
desired address length. These two qualities set the IDT39C09
and IDT39C11 apart from the IDT39C10, which is architecturally
similar, but is fixed at 12 bits in length and has a fixed set of 16
sequence control instructions. The IDT39C09 or IDT39C11
should be selected instead of the IDT39C10 under the following
conditions: (1) address less than 8 bits and not likely to be
expanded; (2) address longer than 12 bits; (3) more complex
instruction set needed than is available on IDT39C10.

CONTROL UNIT ARCHITECTURE

The recommended architecture using the IDT39C09 or
IDT39C11 is shown in Figure 5. The path from the pipeline
register output through the next address logic, multiplexer and
microprogram memory is all combinational. The pipeline reg-
ister contains the current microinstruction being executed. A
portion of that microinstruction consists of a sequence control
command such as “continue”, “loop”, “return from subroutine”,
etc. The bits representing this sequence command are logically
combined with bits representing such things as test conditions
and system state to generate the required control signals to the
IDT39C09 or IDT39C11.

|—_IDTSQCOQ OR IDT39C11 MICROPROGRAM SEQUENCERS

OTHER BRANCH

FE, PUP STACK POINTER
3
| REGISTER | l

SUBROUTINE
AND LOOP STACK

——

’ MICROPROGRAM
|

ADDRESS SOURCE
l COUNTER REGISTER
D R F PC T
s, NEXT ADDRESS
s, MULTIPLEXER INCREMENTER
22
(—]8 NEXT ADDRESS l T
’ w CONTROL LOGIC L
s 85 INTERRUPT
X
VAn:%g? —s 282 ADDRESS
Qa pf—= MICROPROGRAM MEMORY
—»4
CONDITIONS 53 3 BRANCH NEXT ADDRESS
—® 2= ADDRESS SELECT  OTHER
<] SYSTEM STATE
—»j2 O
r 12 BITS TYP / 5 BITS TYP-{ 40 BITS TYP
—]
CLOCK —>| PIPELINE REGISTER |
a-semsl ¥
3 TO IDT39C01, ETC.
OTHER

MSD39C09-008

Figure 5. Recommended Computer Control Unit Architecture Using the IDT39C09A/B and IDT39C11A/B.
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4-BIT CMOS MICROPROGRAM SEQUENCER
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IDT39C09/11 EXPANSION

Figure 6 shows the interconnection of three IDT39C11s to
form a 12-bit sequencer. Note that the only interconnection
between packages, other than the common clock and control
lines, is the ripple carry between uPC incrementors. This carry
path is not in the critical speed path if the IDT39C11 Y outputs
drive the microprogram memory, because the ripple carry
occurs in parallel with the memory access time. If, on the other
hand, a microaddress register is placed at the IDT39C11 output,
then the carry may lie in the critical speed path, since the last
carry-in must be stable for a setup time prior to the clock.

SELECTING BETWEEN THE
IDT39C09 AND IDT39C11

The difference between the IDT39C09 and the IDT39C11
involves two signals: the data inputs to the holding register and

the OR inputs. In the IDT39C09, separate four-bit fields are
provided for the holding register and the direct branch inputs
to the multiplexer. In the IDT39C11, these fields are internally
tied together. This may affect the design of the branch address
system, as shown in Figure 7. Using the IDT39C09, the register
inputs may be connected directly to the microprogram memory;
the internal register replaces part of the pipeline register. The
direct (D) inputs may be tied to the mapping logic which
translates instruction op codes into microprogram addresses.
While the same technique might be used with the IDT39C11,
it is more common to connect the IDT39C11’s D inputs to
a branch address bus onto which various sources may be
enabled. Shown in Figure 7 is a pipeline register and a mapping
ROM. Other sources might also be applied to the same bus.
The internal register is used only for temporary storage of
some previous branch address.

BRANCH
ADDRESS
4 Dpy 4 D74 4 Dso
D D D
Cne IOT39C11  C le—]C., wTICH C, }e—]c,, TICI C le—cC,
% L | P
Yns Yrs A s,
FE
PUP
4K WORD RE
MICROPROGRAM cp
MEMORY
MICROINSTRUCTION
MSD39C09-009

Figure 6. Twelve Bit Sequencer.

INSTRUCTION REG.

OE
D
REG.
Y IDT39C11

BRANCH MICROPROGRAM

ADDRESS MEMORY

FIELD
OE | PIPELINE REG. I [mpsuns REG. |

MSD39C09-0010

INSTRUCTION REG.

1DT39C09
MICROPROGRAM
MEMORY

MSD39C09-11

Figure 7. Branch Address Structures.
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The second difference between the IDT39C09 and IDT39C11
is that the IDT39C09 has OR inputs available on each address
output line. These pins can be used to generate muiti-way
single-cycle branches by simply typing several test conditions
into the OR lines (see Figure 8). Typically, a branch is taken to
an address with zeroes in the least significant bits. These bits
are replaced with 1s or Os by test conditions applied to the OR
lines. In Figure 8, the states of the two test conditions X and Y
result in a branch to 1100, 1101, 1110 or 1111.

How to Perform Common Functions
with the IDT39C09/11

1. CONTINUE

MUX/Your STACK c, S, S, FE  PUP
PC HOLD H L L H X

Contents of PC placed on Y outputs; PC incremented.

2. BRANCH
MUX/Your STACK c, S, S, FE  PUP
D HOLD H H H H X

Feed data on D

inputs straight through to memory address lines.

Increment address and place in PC.

3. JUMP TO SUBROUTINE
MUX/Yoyr | STACK | C, | sS4 s, FE PUP
D PUSH H H H L H

e

I )

a ;@)Jlﬁ_w
I

Subroutine address fed from D inputs to memory address. Current PC
is pushed onto stack, where it is saved for the return.

4. RETURN FROM SUBROUTINE
MUX/Your | STACK | C, | S, S
STACK POP H H L

PUP
L

=l

The address at the top of the stack is applied to the microprogram
memory, and is incremented for PC on the next cycle. The stack is
popped to remove the return address.

Figure 8. Use of OR Inputs to Obtain 4-Way Branch.
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4-BIT CMOS MICROPROGRAM SEQUENCER MILITARY AND COMMERCIAL TEMPERATURE RANGES
ABSOLUTE MAXIMUM RATING(1) RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
SYMBOL RATING VALUE UNIT
Terminal Voltage GRADE AMBIENT GND V,
Vream with Respect -0.50) to +7.0 % TEMPERATURE cc
to GND Military -55°C to +125°C ov 5.0V + 10%
Operating - o Commercial 0°C to +70°C ov 5.0V + 5%
Ta Temperature 5510 +125 c bas
Temperature
Toins Under Bias -65 10 +135 °C
Storage - ITANCE (Ty = +25°C, f=1
Tera Temparature 65 to +150 °c CAPAC CE (T5 = +25°C, .OMHz)
1
Py Power Dissipation® 10 w SYMBOL PARAMETER(") CONDITIONS | TYP. | UNIT
| DC Output Current 2 A Cin Input Capacitance ViN=0V 5 pF
our into Outputs Court Output Capacitance | Voyr=0V 7 pF
NOTES: NOTE:
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may 1. This parameter is sampled and not 100% tested.
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect reliability.
2. Py maximum can only be achieved by excessive Ig|_or Ion.
3. V) Min. = -3.0V for puise width less than 20ns.
DC ELECTRICAL CHARACTERISTICS
Ta = 0°C to +70°C Vee =5.0V + 5% Min. = 4.75V Max. = 5.25V (Commercial)
Ta =-55°C to +125°C Vce =5.0V + 10% Min. = 4.50V Max. = 5.50V (Military)
Vic =02V
VHC = VCC -0.2v
SYMBOL PARAMETER TEST CONDITIONS() MIN. | TYR@ | MAX. UNIT
Vin Input HIGH Level Guaranteed Logic High Level ) 2.0 — — \'
Vo Input LOW Level Guaranteed Logic Low Level(4) — — 0.8 \
hh Input HIGH Current Vee = Max,, Vi = Ve — 0.1 5 A
I Input LOW Current Vee = Max., Viy = GND — -0.1 -5 pA
lon = -300uA Vhe Vee —
Von Output HIGH Voltage Vec = Min. lon = ~12mA MIL. 24 43 - v
Vin=Vigor Vi
lon = -15mA COM'L. 24 43 —
. lop = 300pA —_ GND Vic
Ve = Min.
Vou Output LOW Voltage Vin = Vi or V. loL = 20mA MIL. — 0.3 0.5 Vv
loL =24mA COM'L. —_ 0.3 0.5
Off State (High Impedance) _ Vo =0V — - -40
loz Output Current Ve = Max. Vo = Ve — — 40 HA
los Output Short Circuit Current Vee = Max., Voyr = 0V@ -30 — -130 mA
NOTES:

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

2. Typical values are at Vg = 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.

3-56
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

Ta = 0°C to +70°C Ve = 5.0V + 5% Min. = 4.75V Max. = 5.25V (Commercial)
Tp = -55°C to +125°C Voe = 5.0V + 10% Min. = 4.50V Max. = 5.50V (Military)
VLC =0.2V
VHC = VCC -0.2v
SYMBOL PARAMETER TEST CONDITIONS() MIN. TYR(2 MAX. UNIT
. Vee = Max.
Quiescent Power Supply Current cc
lccan | Gp oty PRl Viio < Vine Vin < Vie — — — mA
fp=0,CP=H
) Ve = Max.
Quiescent Power Supply Current cc
lccat CP-L PRy Vie < Vine VinE Vie - — _ mA
fop=0,CP =L
Quiescent Input Power Supply (5 _ _ _ _ _ _ mA/
lect Current (per Input @ TTL High) Ve = Max. Viy = 3.4V, fcp = 0 Input
) Vec = Max. MIL. — — — mA/
lcco Dynamic Power Supply Current Vi = Vine Vin= Vic - MHz
Outputs Open, OE = L COM'L. — - -
Vee = Max., fep = 10MHZ MIL. — — —
Outputs Open, OE =L
CP =50% Duty cycle R
COM'L. — — —
| T Vi = Vine Vin=Vie
cc otal Power Supply Current(® mA
Ve = Max., fep = 10MHz MIL. - — 55
Outputs Open, OE = L
CP =50% Duty cycle ) _ _
Vipy = 3.4V, Vy, = 0.4V CoMmL. 45
NOTES:

5. Iccr is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqp, then dividing by the total number of inputs.

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply Current
can be calculated by using the following equation:

lec = lccan(CBw) * lecad (1= CDW) * Iger (N7 % Dyy) + leep (fep)
CDy, = Clock duty cycle high period.

Dy, = Data duty cycle TTL high period (V| = 3.4V).

Ny = Number of dynamic inputs driven at TTL levels.

fcp = Clock Input frequency.
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IDT39C09A/B AND IDT39C11A/B
4-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C09A/IDT39C11A SWITCHING
CHARACTERISTICS OVER OPERATING RANGE

Table |, Il and Il below define the timing characteristics of the
IDT39C09A/11A over the operating voltage and temperature
range. Thetables are divided into three types of parameters: clock
characteristics, combinational delays from inputs to outputs, and
set-up and hold time requirements. The latter table defines the
time prior to the end of the cycle (i.e., clock LOW-to-HIGH transi-
tion) that each input must be stable to guarantee that the correct
data is written into one of the internal registers.

Measurements are made at 1.5V with V=0V and V|, =3.0V. For
three-state disable tests, C| = 5.0pF and measurement is to 0.5V
change on output voltage level. All outputs have maximum DC
loading.

TABLE |
CYCLE TIME AND CLOCK CHARACTERISTICS
TIME COMMERCIAL MILITARY

Minimum Clock LOW Time 20 20
Minimum Clock HIGH Time 20 20

TABLE Il

MAXIMUM COMBINATIONAL

PROPAGATION DELAYS

C_ = 50pF (except output disable test)

FROM INPUT COMMERCIAL MILITARY UNITS
Y Ch+a Y Chia

D; 17 22 20 25 ns
So Sy 29 34 29 34 ns
OR; 17 22 20 25 ns
C, — 14 — 16 ns
ZERO 29 34 30 35 ns
OE LOW (enable) 25 — 25 — ns
OE HIGH (disable)" 25 - 25 — ns
Clock t 848y =LH 39 44 45 50 ns
Clock 1 8,8¢=LL 39 44 45 50 ns
Clock 1 8,85 =HL 44 49 53 58 ns

NOTE:

1. C = 5pF

TABLE Ill
GUARANTEED SET-UP AND HOLD TIMES(1)
COMMERCIAL MILITARY
FROM INPUT  ['SET-UP | HOLD |SET-UP | HOLD | UNITS
TIME | TIME | TIME | TIME
RE 19 4 19 5 ns
R;@ 10 4 12 5 ns
PUP 25 4 27 5 ns
FE 25 4 27 5 ns
C, 18 4 18 5 ns
D, 25 0 25 0 ns
OR; 25 0 25 0 ns
So S4 25 0 29 0 ns
ZERO 25 0 29 0 ns
NOTES

1. All times relative to clock LOW-to-HIGH transition.

2. OnIDT39C11, R; and D; are internally connected together and labeled D,.
Use R, set-up and hold times when D inputs are used to load register.
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IDT39C09A/B AND IDT39C11A/B
4-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C09B/IDT39C11B SWITCHING
CHARACTERISTICS OVER OPERATING RANGE

Table |, 1l and 11l below define the timing characteristics of the
IDT39C09B/11B over the operating voltage and temperature
range. Thetables are divided into three types of parameters: clock
characteristics, combinational delays from inputs to outputs, and
set-up and hold time requirements. The latter table defines the
time priortothe end of the cycle (i.e., clock LOW-to-HIGH transi-
tion) that each input must be stable to guarantee that the correct
data is written into one of the internal registers.

Measurements are made at 1.5V with V, =0V and V,;; =3.0V. For
three-state disable tests, C_ = 5.0pF and measurement is to 0.5V
change on output voltage level. All outputs have maximum DC
loading.

TABLE |
CYCLE TIME AND CLOCK CHARACTERISTICS
TIME COMMERCIAL MILITARY

Minimum Clock LOW Time — —
Minimum Clock HIGH Time — —

TABLE Il

MAXIMUM COMBINATIONAL

PROPAGATION DELAYS

C_ = 50pF (except output disable test)

FROM INPUT COMMERCIAL MILITARY UNITS
Y Chsa Y Chsa

D, — — e — ns
So Sy — - — — ns
OR; — — — — ns
C, — — — — ns
ZERO - - — — ns

OE LOW (enable)
OE HIGH (disable)"
Clock 1 S;Sp=LH
Clock 1 8;Sg=LL
Clock 1SSy = HL

NOTE:
1. C_ = 5pF

TABLE Il
GUARANTEED SET-UP AND HOLD TIMES(1)

COMMERCIAL MILITARY

SET-UP | HOLD | SET-UP | HOLD
TIME TIME TIME TIME

FROM INPUT UNITS

RE — — — — ns

R;® — — - - ns

PUP — — — ns

FE ns

C, ns

D, ns

OR; ns

Sy, Sy ns

ns

ZERO

NOTES:
1. All times relative to clock LOW-to-HIGH transition

2. OnIDT39C11, R, and D, are internally connected together and labeled D,
Use R, set-up and hold times when D inputs are used to load register.
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IDT39C09A/B AND IDT39C11A/B
4-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

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 1

SWITCHING WAVEFORMS

3.0V ooy
"‘0’0’.’0‘0"‘0"‘0‘0’0“

INPUTS ottt
L200BCRON

ov

OUTPUTS

INPUT/OUTPUT INTERFACE CIRCUITRY

PROTECTION

hiH

—
INPUTS O———W\,——-—Do—
R

c 1

Figure 1. Input Structure (All Inputs)

IDT49C410-007

TEST LOAD CIRCUIT

Vec

1470

Vour

70

MSD39C09-13

Figure 1. Switching Test Circuit
(all outputs)

OUTPUTS

= 1DT49C410-008

Figure 2. Output Structure (All Outputs)
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