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- Am2925/Am2925A

Clock Generator and Microcycle Length Controller

81C 22258

L] Cry.:tal controlled oscillator

— Stable operation on Am2925 from 1-31 MHz
- Stable operation on Am2925A from 1-50 MHz
¢ TTL controlied oscillator

— Stable operation on Am2925 from 1-31 MHz
— Stable operation on Am2925A from 1-60 MHz

DISTINCTIVE CHARACTERISTICS

e Four microcode controlled clock outputs
Allows clock cycle length contro! for 15-30% in-
crease in system throughput. Microcode selects one
of eight clock patterns from 3 to 10 oscillator cy-
cles in length.

e System controls for Run/Halt and Slngle Step
Switch debounced inputs provide ﬂemble halt con-
trols

e Slim 0.3” 24-pin package
LS! complexity in minimum board area

The Am2925/Am2925A is a smgle-chlp general purpose
clock generator/driver. It is crystal controlled, and has
microprogrammable clock cycle length to provide signifi-
cant speed-up over fixed clock cycle approaches and meet

Am2925A generates four different simultaneous clock out-
put waveforms tailored to meet the needs of Am2900 and
other bipolar and- MOS microprocessor based systems.
One-of-eight cycle lengths may be-generated under micro-
program control using the Cycle Length inputs Ly, L, and
La. : )

’

a variely of system speed requirements. The Am2925/

GENERAL DESCRIPTION

The Am2925 oscillator runs at frequencles up to 31 MHz.
The Am2925A oscillator runs at frequencies up to 50 MHz
crystal input or 60 MHz TTL input. A buffered oscillator
output, Fo, is provided for external system timing in addition
to the four microcode controlled clock outpits Cq, Cz, C3
and Cj. .

System control functions include Run, Halt, Single-Step,
Initialize and Ready/Wait controls. In addition, the FIRST/
CAST input determines where a halt occurs and the Cyx
input determines the end point timing of wait cycles,
WAITACK indicates that the Am2925/Am2925A is in a walt
state.
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CONNECTION DIAGRAMS ; '
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‘Note: Pin 1 is marked for orientation.

“<. . ORDERING INFORMATION

T Standard Products

AMD standard products are available in several packages and operatmg ranges The order number (Valld Comblnatlon) is
formed by a combination of: A. Device Number -

B. Speed Optlon {if appllcable)

C. Package Type

D. Temperature Range

E. Optional Processing

AM2925 A D c B

' T—-——- E. OPTIONAL PROCESSING
- : B = Bum-in
D. TEMPERATURE RANGE

C = Commercial (0 to +70°C)
E = Extended Commercial (—55 to +125°C)

«—C. PACKAGE TYPE
D = 24-Pin Ceramic DIP (CD3024)
L. = 28-Pin Ceramic Leadless Chip
giamer (CLTO28)
X =

8. SPEED OPTION
A =60 MHz

A. DEVICE NUMBER/DESCRIPTION
Am2925/Am2925A o
Clock Generator and Microcycle Length Controller

Valid Combinations

Valid Combinations -
Valid Combinations list' configurations planned to be

AM2925 DG, DCB, DE, ’ ) supported in volume. for this device. Consult the local AMD
AM2925A DEB, LC, XC sales. office to confirm availability of specific valid

. X combinations, to-check on newly released combinations, and
. - ) to obtain additional data on AMD's standard military grade
: products.
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ORDERING INFORMATION T 50-2 37
APL Products b

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List)
products are processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability,
or surface treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a
combination of: A. Device Number o

- B. Speed Option (if applicable)
C. Device Class
D. Package Type
E. Lead Finish

M292 A 8 T ‘ .
' . E. LEAD FINISH

A= Hot Solder DIP
7 C=Gold

—D. PACKAGE TYPE )
L = 24-Pin SLIM Cerdlp (CD3024) )
3 = 28-Pin Leadless Chip Carrier (CLT028)

C. DEVICE CLASS
[{B=Class B

B. SPEED OPTION
. A =60 MHz

A. DEVICE NUMBER/DESCRIPTION
Am2925/Am2925A
Clock Generator and Micracycle Length- Controller

Valid Combinations

valid Combinations Valid Combinations list configurations planned to be
YT supported in volume for this device. Consuit the local AMD
. ; JBLA, /B3C sales office to” confirm availability of specific valid
AM2925A combinations or to check for newly released valid
. : combinations.
" —
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PIN DESCRIPTION

Cy=C4 System Clock Outputs (Outputs) .
These outputs are all active during every ‘system clock
cycle. Their timing is determined by clock cycle length
controls, Ly, Ly, and La.

Li~Lg Clock Cycle Length Control Inputs (Inputs)
These inputs receive the microcode bits that select the
microcycle lengths. They form a control-word which selects
one of the eight mlcrocycle waveform patterns F3 through
Fio.

Fo Buffered Osclllator Output (Output)
Fo internally generates all of the timing edges for outputs
C1, Ca, C3, C4 and WAITACK. Fg rises just prior to-all of the
Cy, Ca, Cg, Cy transitions.

HALT, RUN Debounce inputs {Inputs)
These inputs determine whether the output clocks. run or
not. A LOW input on HALT (RUN = HIGH) will stop all
clock outputs. - -

FIRST/LAST HALT Time Control input ( (input)
A HIGH input in conjunction with a HALT command will
cause a halt to occur when C4 = LOWand Gy = C2 = C3
= HIGH (see Clock Waveforms). A LOW input causes a
HALT to occur whenCq = Cp = C3 =
HIGH.

LOWand C4 = .

81C 22263 DB

" T-50-23

SSNO, SSNC  Single-Step Control Inputs (inputs)
These debounced inputs allow system clock cycle- single
stepping while HALT is activated LOW.

WAITREQ WAIT REQUEST (Input)
When LOW this input will cause the outputs to halt durlng
the next oscillator cycle after the Cx input goes LOW.

Cx Wait Cycle Control Input (Input)
The clock outputs respond to a wait request one oscillator
clock cycle after Cx goes LOW. Cx is normally tied to any
one of Cy, Ca, C3 or C4.

WAITACK " WAIT ACKNOWLEDGE (Output)
When LOW, this output indicates that all clock outputs are in
the "WAIT" state.

READY READY (Input)

The READY active LOW input is used to continue hormal
olock output patterns after a wait stage.

INIT INITIALIZE (Input)
This input is intended for use during power-up mmallzatuon of
the system, When LOW all clock outputs free run regardless
of the state of the Halt, Single Step, Wait Request and
Ready inputs.

X4, X2 External Crystal Connections (Input/Output)
X4 can also be driven by a TTL frequency source. .

FUNCTIONAL DESCRIPTION

The Am2925/Am2925A is a dynamically programmable gen-
eral-purpose clock generator/driver. it can be logically sepa-
rated into three parts. There is an oscillator, a state machine
decoder and a state machine control section.

The oscillator is a linear inverting amplifier which may be
configured with a minimum of external parts as a 1st harmon-
ic* crystal oscillator, 3rd harmonic* crystal oscillator, L-C
oscillator or used to buffer an external clock. The buffered,
inverted output of this oscillator is available as Fo.

The state machine takes microcode information from the
Microcycle Length 'L inputs Ly, Lo and Lz and counts the
fundamental frequency of the internal oscillator, Fo, to create
the clock outputs, C4, C, C3 and C4.

The clock outputs have a characteristic wave shape relation-
ship for each microcycle length. For example, Cq is always
LOW only on the last Fg clock period of a microcycle, and C4
Is always LOW on the first. C3 has an approximately 50% duty
cycle, and Cgp is HIGH for all but the last two periods.

The current state of the machine is contained in a register,
part.of which is the Clock Generator Register. C1, C, C3 and
C4 are the outputs of this register. These outputs and the
outputs of the Microcycle Control Latch are fed into a set of

combiriatorial logic to generate the next state. On each falling.

*it is understood that the. ferms "fundamental mode" and "3rd overtone™ are generally regarded as more technically
correct, but "1st harmonic" and "“3rd harmonic™ are. used here because of their more generally accepted usage.

edge of the internal clock, the next state is entered into- the

current state register. The Microcycle Control Latch is fatched

when C4 is HIGH. This means that it will be loaded during the

last state of each microcycle (Cy=Cp=Cg=LOW,

C4.= HIGH). This internal latch. selects one of eight possible .
microcycle lengths, F3 to Fqo.

The state machine controt logic, which determines the mode
of operation of the state machine, is intended to.be connected
to_a front panel. There are four basic modes of operation of
the Am2925/Am2925A comprised of Run, Halt, Walt and
Single Step. R

System Timing

In the typical computer, the time required to execute different
instructions varies. However, the time allotted to each instruc-
tion is the fime that it takes to execute the longest instruction.
The Am2925/Am2925A allows the user to dynamically vary
the time allotted for each instruction, thereby allowing the user
to realize a higher throughput.

This section will cover several aspects of the Am2925/
Am2925A. The first topic to be covered is the oscillator
section which is responsible for providing the basis of all
system timing. Second will be how to operate the Am2925/
Am2925A,; last will be an example of an Am2925/Am2925A in
a 16-bit microprogrammed machine.

?
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Osciliator -

,.The Am2925/Am2925A contains an inverting, linear amplifier
which is intended to form the basis of a crystal oscillator. In
designing this oscillator it is necessary to consnder several
factors related to the application.

The first consideration is the desired frequency accuracy. This

may be subdivided into several areas. An oscillator is consid- - -

ored stable if it is insensitive to variations in temperature and
supply voltage, and if it is unaffected by individual component
changes and aging. The design of the Am2925/Am2925A is
such that the degree to which these goals are met is

determined primarily by the choice of external components.

Various types of crystals are available and the manufacturers’
literature should be consulted to determine the appropriate
“‘type. For good temperature stability, zero temperature coeffi-
cient capacitors should be used (Type NPO). For extreme
temperature stability, an oven must be used or some other
form- of temperature compensation applied.

Absolute frequency accuracy must also be considered. The
resonant frequency varies with load capacitance. It is there-
fore important to match the load specified by the crystal
manufacturer for a standard crystal (usually 32 pF), or to
specify the load when ordering a special crystal. it should then
be possible to determine from the crystal characteristics the
load tolerance fo maintain a given accd(acy. If the "set-on"
error due to load tolerance is unacceptable, a trimmer
capacitor should be incorporated for fine adjustment.

The mechanism by which a crystal resonates is electrome-
chanical. This resonance occurs at a fundamental frequency
(1st harmonic) and at all odd harmonics of this frequency
(eveni harmonic resonance is not mechanically possible).
Unless otherwise constrained crystal oscillators operate at
their fundamental frequency. However, crystals are not gener-
ally available with fundamental frequencies above 20-25 MHz.
At higher frequencies, an overtone osclllator must be used. In

this case, the crystal is designed to oscillate efficiently at one -

of its odd harmonic frequencies and additional components
are included in the oscillator cwcult to prevent it oscillating at
lower harmonics.

Where a high. degree of accuracy or stablhty is not required,
the amplifier may be configured as an L-C oscillator. it may
also be driven from an_external clock source if operation is
required in synchronous with that source.

1st Harmonic (Fundamental) Oscillator

The circuit of a typical 1st harmonic oscillator is- shown in
Figure 1. The crystal load is comprised of the two 68 pF
capacitors in series. This 34 pF approximates the standard 32
pF crystal foad. If a closer match is required then one of the
capacitors should be replaced with a parallel combination of a
fixed capacitor and a trimmer. The nominal value of the
combination should be 60 pF to provide proper crystal loading.

A typical crystal specification for use in this circuit is:

Frequency Range: 5-20 MHz
Resonance: Parallel Mode
Load: 32 pF ’
Stability: .01% or to match systems requirements
Case: H-17 —for smaller size
Temp Range: -30 to +70°C
Note: Frequency will change over temperature.

_ connections short.

81C 22264 M_Q,

wl lfa‘.f

DFoo0811

Figure 1. Connections for 5-20 MHz

It is good practice to ground the case of the crystal to
eliminate stray plck-up and: keep all connéctions as short as
posmb!g

Note: At fundamental frequenmes below 5. MHz it is possible
for the oscillator to operate at the 3rd harmonic. To prevent
this a resistor should be added in series with the X2 pin as
shown in the circuit diagram.
The resistor value should match the impedance of Cp:

1

=Xp, = ‘
C2Tortcy -

3rd Harmonic Osclllator h ' ~

At frequencies greater than 20 MHz, the crystal can be
operated at its 3rd harmonic. A typical circuit is shown in
Figure 2. Two additional components. are included; an induc-
tor, L, and a capacitor, Cg3. The purpose of the capacitor is to
block the d.c. path through the inductor and thereby maintain
the correct amplifier bias. Cz should be large (= 1000 pF).

The inductor forms a parallel tuned circuit with C1. This circuit
has its resonanée set between the 1st and 3rd harmonics of
the crystal and is used to prevent the oscillator operating at
the 1st harmonic. In the 1st harmonic oscillator (Figure 1), the
crystal appears as an inductor and forms a m-network with the
two capacitors, thus providing the necessary phase shift for
oscillation. In the 3rd harmonic oscillator, L1 and Cq are
chosen such that at the 3rd harmonic the impedance of circuit
is equivalent to that of the capacitor C3 in the 1st harmonic
oscillator (Figure 3b). Thus, the same #-network is formed
(Figure 3c) and oscillation is possible. At the 1st harmonic the
tuned.circuit appears as.an inductor (Figure 3a), the m-network
is not formed and oscillation is not possible:

" The following specification is typical for a crystal to be used in

a 3rd harmonic oscillator.

Frequency Range: Above 20 MHz
Resonance: Parallel Mode
Load: 32 pF s
Stability: .01% or to match systems requirements
Case: H-17 — for smaller size
Temp Range: ~30 to +70°C

Note: Frequency will change over temperature.

Again it is good practice to ground the crystal case and keep

[N

N _— N N - . ______________________________ |
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Design Procedure

(1) Assume C1 = 82 pF and G = 68 pF (this gives a sensible
inductor value). Ly is calculated according to the formula:

f°=0perat|ng frefquency in MHz
Ly in uH

This sets the resonant frequency of the L-C com-
bination at 0.52 fo.

(2) Select the closest standard value inductor for L4. Using this

valus calculate C4 such that the resulting crystal load. at the

3rd harimonic is 32 pF.
25330

=60+
L .102

Ci= CyinpF. -

Choose the closest standard capacitor value to this.

Using standard values both the resonant frequéncy of the L-C
circuit (fy) and the crystal load are non-optimal. This will cause
a slight error in the oscillating frequency. if this is not
permissible, C1 may be a fixed capacitor in paralle! with a
trimmer such that the range of adjustment includes the
calculated value for Cq. This is then set to give the desired
frequency. In either case the approximate inductor value will
cause the resonant frequency to the L-C circuit to change.

This frequency, f, may be computed and should remain '

approximately midway betwsen the st and 3rd harmonic.

159 fr in MHZ
fr= Ly in pH
VGG Cq in pF

L-C Oscillator

The Am2925/Am2925A can be operated as an L-C tuned
oscillator (Figure 4) and will perform as a stable osclllator

within the restrictions of the chosen frequency determining

components (i.e., inductor and capacitors). The circuit chosen
is a classical -network with. DC loop isolation. The Am2925/
Am2925A oscillator is a DC biased finear amplifier. This DC
bias is necessary and therefore C3 Is included to block the DC
path through the inductor. If a variable slug tuned inductor is
used, a moderate range of frequency adjustment tuneability
{approximately 2:1) can be achieved. The range can be
enhanced by switching the two resonant capacitors (C1, C2) to
larger or smaller values. The specific frequency of operation
can be determined by the formula:

T
f= where C is C1 and In series).
20 ( 1 Ca )
Am2925/An2925A
Xy Xz

DF000871

Figure 4; L-C Tuned Osclillator -

% 81C 22266 D __
External Clock Drive T“SO D 3

The Am2925/Am2925A can be dnvepn by an external TTL -
clock signal, This is accomplished by directly coupling the TTL
clock signal into Xj, the oscillator input. The X2 pin Is an
output and should be. left unloaded in this configuration.

(OPEN)
DF000881

Figure 5. External Clock Drive -
o
Am2925/Am2925A Contro! Inputs

The control inputs fall into two categories, microcycle length
control and clock control. Microcycle length control is provided
via the ""L" inputs which are intended to be connected to the
microprogram memory. The *'L" inputs are used to select one
of eight cycle lengths ranging from three oscillator cycles for
pattern F3 to ten oscillator cycles for pattern Fyq. This
information is always loaded at the end of the microcycle into
the Microcycle Control Latch. The Microcycle Latch performs
the function of a pipeline register for the microcycle length
microcode bits, Therefore, the cycle length goes in the same
microword as the instruction that it is associated with.

The clock control inputs are used to synchronize the micropro-
gram machine with the external world and {/0 devices. Inputs
like RUN, HALT, SSNO and SSNC, which start and stop
execution, are meant to be connacted to switches on the front
panel of the microprogrammed machine (see Figure 6). These
inputs have internal pull-up resistors and are connected to an
R-S flip-fiop in order to provide switch debouncing. The
FIRST/LAST input is used to determine at what point of the
microcycle the Am2925/Am2925A will halt when H HALT or a
SINGLE STEP is initiated. In most applications the user wires
this input HIGH or LOW depending on his design.

- vcc
SPDW— AUN
A P
Am2925/
Am2025A
NG SSNC
NO
?_ SSNO
AND
| SPDT PUSHBUTYON SWITCH J-

DF000861

Figure 6. Switch Connection for RUN/HALT
and Single Step
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Figure 7. Am2925/Am2925A Clock Waveforms
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£ —
s c. . ‘T-50-a3
.»;Jl{,f}-. - b
s . ) AF001761
s L A
. AF001770
1 !
H=XcZ.-@for'1'—6 MHz _
R=0 for 6-20 MHz ~
- a) Fundamental bsclllétor . ' . - b) External Clock Drlvé
C1 | Co | L | foMax)
1150
68 | 82 |—5 20-27
.| Fo
s | 45 | 22| “oras .
Fo2 )
18 | 25 3800 ”4854'
F02 "
Units: S =
s Co=pF; L=pH; fo=MH
C1 Co=pFi L _"H 0 ? AFO01741
) . (fo =20 MHz) . 1 AF001761
¢) 3rd Harmonlc . fos——=—=s
. Co S Oscillator - 2_ ac
o - - Ci=C2=C
. . ot : - - Xog <X = "

R - : : I d) L-C Oscillator -

Design Considerations

1. Oscillator external connections should be less than 17 long
— wirewrap is not recommended.

2.Vcg and GND connections should be less than " long to
power plane.

3. Supply decoupling includes both high 1requency and bulk
storage elements.

nOOoOonnonng

4, The same considerations apply for 3rd overlone configura-
tions.

PF001070

e) Typical External Connections

Figure 8. Am2925/Am2925A Oscllilator Applications

{External COmponent Calculations Summary)

1.
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Figure 9. Am2925/Am2925A WAIT/READY Timing

l

When HALT is held LOW (RUN = HIGH), the state machine
will start the halt mode on the last (G = LOW) or the first
(C4 = LOW) state. of the microcycle as determined by the
FIRST/LAST input. When RUN goes LOW (HALT = HIGH),
the state machine will resume the run mode.

The WAITREQ, Cy, READY and WAITACK signals are used to
synchronize other parts of a computer system (memory, /0
devices) to the CPU by dynamically stretching the microcycle.
For example, the CPU may access a slow peripheral that
requires the data remain on the data bus for several microsec-
onds in which case the peripheral pulls the WAITREQ line
LOW. The Cx input lets the designer specify when the
WATTREQ line is sampled in the microcycle. This has a direct
impact on how much time the peripheral has to respond in
order to request a wait cycle (see Figure 9). The'READY line is
used by the peripheral to signal when it is ready to resume
execution of the rest of the microcycle. The WAITACK line
goes LOW on the next oscillator cycle after the Cx Input goes
LOW and remains LOW until the second oscillator cycle after
READY goes LOW.

The SSNO and SSNC inputs are used to initiate the SINGLE
STEP mode. These debounced inputs allow a single microcy-
cle to occur while in the halt mode. SSNO (normally open) and
SSNC (normally closed) are intended to be connected to a
momentary SPDT switch. After SSNO has been LOW for one
clock edge, the state machine will change to the run mode.
The microcycle will end on the first or last state of the
microcycle depending on the state of the FIRST/LAST.

AC Timing Signal References

Set-up and hold times in registers and latches are measured
relative to the clock signals that drive them. In the Am2925/
Am2925A, the crystal oscillator provides a free running clock
signal that drives all the registers on the devices. This clock is
provided for the user through the buffered output of Fo.
Therefore, Fg is used as the reference for set-up, hold and

clock to output times. However for the Microcontrol Latch, the
set-up and hold times are referenced to the C4 output which.is
the buffered version of the latch enable. This reference is
appropriate for the Microcontrol Latch because in a typical
application this latch is considered part of the pipeline register
which is also driven by one of the ""C" outputs.

Clock Outputs

There are four clock outputs provided for the user which have
different duty cycles. The user must make a decision as to
which one best fits his purposes. For example, in a three-
address architecture, with the Am2903A (Figure 10), the Cg
clock (approximately 50% duty cycle) could be used to drive
the clock input while Co (always LOW last two oscillator
cycles) drives Instruction Enable. This guarantees, for micro-
cycle lengths greater than four, that the internal RAM data
latches of the Am2903A are closed and the destination
address is multiplexed onto the B address bus before the RAM
begins the Write cycle (Figure 11).

SOURCE
Ao 1, B auap [T Ba-Bo
2X1
MUX | DEST
€3 o5 . C3-Co
il
c—z—'h—c 1EN WRITE
DF000931
Figure 10. Am2903A Three-Address
Architecture
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AFFLICATIONS The design could further require that the bus be accessed only
) . during the shortest cycle length. Therefore, by using multiple
16-Bit Machine with Am2925/ Am2925A o cycle lengths it can be predicted when the CPU will access the
The block diagram in Figure 12 shows a 16-bit micropro- - bus and for how long, thereby maintaining the fixed bandwidth.
grammed machine which uses an Am2925/Am2925A to Performance Comparison, | = 5 0_23
generate system timing. The design decisions include oscllla- R - 5 R .-
for frequency and. clock pattern selectlons Estimated performance can be calculated directly from Table
2. For a fixed microcycle machine the longest instruction
Selecting the Crystal execution time would have to be used for all instructions,
In order to pick the oscillator frequency. a detailed timing yielding an average instruction time of 200 ns. With a variable
analysis of the machine must be done in order to determine microcycle machine the average instruction time is the sum of
the execution length of every operation to be performed. For the products for each Instruction, of the percentage of the
each operation there will be several delay-paths, which usually - instruction stream and the next highest multiple. The average -
include the ALU and the microprogram control. instruction for the example machine with a 50 MHz crystal is:
Table 1 js an example of two of these paths. PATH 1 is a path (0.6x 140+ .08 x 180 +.3 + 200 +,02 x 200) = 162.8 ns
through the Am2910A (Figure 12) for a microprogram Condi-  Thjg represents a 19% increase in system performance
tional Jump Subroutine. PATH 2 is a data flow path through without requiring any other system speed-ups and without
the Am2803A for an Add instruction.. Therefore, if the opera- iri i
g ! requiring faster devnces .
tion were an Add with a Conditional Jump Subroutine the o
maximum delay would be 170 ns. If there were a Program .
Control Unit also, then delays through |t would have to be TABLE 1. DELAY PATH TOTALS FOR AN ADD
considered. AND A CONDITION JUMP
After the execution times all of the instruction types have been SUBROUTINE
calculated, the oscillator frequency can be selected. it is -
desirable to minimize the difference between the most com- Device No. Device Path Path 1 | Path 2
monly used instructions and multiples of the oscillator period. Am27827 CP-Q 27 27
In this way the most efficient use can be made of the variable Am2904 - INST - CT 58 -
microcycle scheme. Am2903A I/AB - GP -~ 50
' For example, in the hypothetical machine in Figure 12 there Am2910A cC - Y 30 -
; . . | Am2902A GP -CN+2Z - 7
are four instruction types (most machines will have more). AM27S27 Ts 56 -
Table 2 is a table which lists each Instruction type, corre- AM2903A CN-2Z _ 35
sponding execution. time, and anticipated percentage of the Am2904 782 _ 17
typical instruction stream for each instruction. Several possible .
frequencies are shown which contain the next highest multiple Total ns 170 136
of the corresponding oscillator period for each instruction. 50
MHz is the best choice-because it comes closest to matching
instructions A and C which compose 80% of the typical
instruction stream.
_Fixed Bandwidth Buses . o ;
For those designs that require a data bus with fixed bandwidth
and fixed time slots for each memory access, the designer .
should consider using cycle iengths which are a multiple of the
shortest cycle length, i.e., cycle lengths 3, 6 and 9 or cycle
lengths 4 and 8. .
TABLE 2. INSTRUCTION TIME ANALYSIS
Instruction :
Type A B c D Units
Execution Time 140 180 i 184 200 ns
Percentage of . .. :
: Instruction Stream 60% 8% 30% 2% %
Closest Multiple
Oscillator Period ) .
20 MHz P=50 : 160 (3P) 200 (4P) 200 (4P) 200 (4P) ns
25 MHz P=40 : ’ 160 (4P) 200 (5P) 200 (5P) 200 (5P) ns
30 MHz P=33 167 (5P) 200 (6P) 200 (6P) 200 (6P) ns
33 MHz P=30 150 (5P) 180 (6P) 210 (7P) | 210 (7P) ns
40 MHz P=25 150 (6P) 200 (8P) 200 (8P) 200 (8P) ns
50 MHz P=20 140 (7P) | 180 (9P) 200 (10P) 200 (10P) ns
' 13
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| = o T-50-23
. - _____._O,,Q
€;. CLOCK - I :
i sonees TR
€, INST ENABLE :
e
. R KRR XX T TR TRAT XTI
- ¢ AvoaEss fff’ofofofofofo’o’of.0’o’o,ofofofofo‘o‘ofofofofyfo,0’0’{0’ m
, 7 , _ WF003091
Figure 11. Am2903A Three-Address Operation -
- | N i l -
<: - : ariew , >
g . - | it K
) ! ! ) I
oa. 08 [
. G0y 3 :
eou % :
S $00 3 Am2904
AB €a Cs cr

Amzocoa  GHrs i

- . e tovR
e . OVR 2 v
; [
o AP '
_ 2z
amzorca &€
T c» v I

1

AM}7S?’

l - Am2902A Cy,
A A
dee  Jhou oeo——l
Am21527

7

L

) ‘ o—zss:co ‘:;:q x'i[—‘wm
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" 1 &

" Figure 12. 16-Bit Microprogrammed Machine
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|, 0257525 ADVANCED MICRO DEVICES _ 8lc 22272
§‘ 1] ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
) Storage Temperature .............. eeveen 1eeee. =65 t0 +150°C Commercial (C) Devices : l "‘50 "'23 7
i Ambient Temperature Under Bias........... .~55 to +125°C Temperature (Ta)............ e 0 to +70°C
- Supply Voltage to Ground Potential Supply Voltage. (VEQ) ...vseveennens v t4,75 to +525 V
: ContinUOUS .....cevuvurvevenninninesessnenennn. -0.5to +7.0 V Mili ; ; :
ilitary (M) Devices or Extended Commercial (E) Devices
D%V;:Itca)ge APFS’“ed to Outputs: For 05V Voo M Terx\éer)ature (TQ)eevverennnnns rrernrnreren. —55( t)o +125°C
.o igh uiput State.............. ITTTTY, =0, to + cc Max. Supply Voltage s "; +45to +55 V
- DC Input Voltage.........cccvveercenircnnnnennnn. p?y A )
- gg gmﬁmcf:g;m' Info Outputs. Operating ranges define those limits between which the
. 7 put Current ........cccoceiieinveninenennnn functionality of the device is guaranteed,
- N Stresses above those listed undsr ABSOLUTE MAXIMUM i
RATINGS may cause permanent device failure. Functionality
at or above thess limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.
S DC CHARACTERISTICS over operating range unless otherwise specified
. . Parameter Parameter '
Symbol Description Min, Max. | Units
Ve = Min,
VoH Output HIGH Voltage VIN = Vi oF VL 25 Volts
0.4 ]
v v J60=8.0 mA 0.45 Volts
VoL Output LOW Voltage 'cc = Min. TS T
; VIN = Vi or ViL Iof=12 mA 0.5
loL =16 mA 05 | Volts
Input HIGH Level Guaranteed input log
ViH (Note 2) voltage for aﬂdlé’puls 2 20 Volts
i i MiL 0.7
Input LOW Level OW
ViL {Note 2) COML 0s | Voits
vi (ot Same Valtage -15 | volts
READY, INIT, Ly, Lg, Lg -04 mA
WAITREQ, Xy (See Figure 13) -0.8 mA
n Input LOW Current.,, SSNO, SSNC, RUN, HALT -1.0 mA
Cx : . =1.2 mA
FIRST/LAST -1.5 mA
READY, INIT, Ly, L, La 20 A
WAITREQ ] 50 uA
a . Ve = Max. S -
™ Voce 27V SSNO, SSNC, RUN, HALT 500 #A
Ox 70 HA
: FIRST/LAST ~750 MA
X1 (See Figure 13) 500 HA
. VIN = 6.5 V| READY, N, Ly, Lg, L 100 A
e . VIN= Ve SSNO, SSNC, RUN, HALT ] 100 EA
- h =4 Input HIGH Cumrent Vec=Max. | Viy=55V WAITREQ, Cx - 10 mA -
Vin=Vce FIRST/CAST 1.0 mA
VIN=40 V | Xy {See Figure 13) 1.0 mA
{ Output Short Gircuit - :
<] Isc Current (Note 3) Vo = Max. -30 -85 mA
lcc Fl'\?;grgupply Current Voo = Max. 120
Notes: 1. For conditions shown as Min. or Max, use the appropriate value specified- undar Operating Ranges for the applicable device type.
2, Does not apply to Xy and. Xa. -
- 3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. fcc varies with temperature and oscillation frequency as shown in Figure 14. The parameters spacified (worst case) apply to .
fo=0, +25°C, Gy = Cy =C3=LOW, C4 =HIGH, X1 =24 V, Xa=0PEN and Fg=LOW. The variations shown in Figure 14 apply to
typical values. . . i
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KEY TO SWITCHING WAVEFORMS " SWITCHING TEST CIRCUITS l
0257525 ADVANCED MICRO DEVICES 81C . 2&273 D
WAVEFORM INPUTS R T 50 2 Vee
MUST BE WILL BE T— 3
STEADY STEADY
. A
RN Vou-ro-—g/c
. 1K CL
DONTCARE:  CHANGING:
T s el
CENTER - 7. -
W e s
~OFF~ STATE TC003490

KS000010 'y ) Normal Outputs
Notes: 1. G, =50 pF Includes scope probe, wiring, and stray
capacitances without device in test fixture.
2. 8¢ Is open during function test and all AC tests, except
output enable tests.
8. GL=15 pF for tpg for X4 to Fp tests.
4. Programmab!e loads are used for automatic teshng

16
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0257525 ADVANCED MICRO DEVICES Bl.C 22274 L
SWITCHING TEST WAVEFORMS 7—. 50 Q 3

‘ v
DATA 'A'A'A'A'A"“ - ""A'A'A'A'A' 5 v
INPUT A'A'A'A'A'A B """""‘ oV
t,
o » s—‘__'h_‘l 3v
T f———v
i ov-

DATA 'AVA'A' ’A'A'A'A'A'A'A'A'A'A'A'A'A'

INPUT ‘Y‘V‘V AMVWWWWWW
WF021180

/\ /\

Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense.
2. Cross-hatched are Is don't care condition. 7
Setup, Hold, and Release Times

SAME PHASE _ 15 v
INPUT TRANSITION ov

3v
OPPOSITEPHASE — e 15V
INPUT TRANSITION ov

WF021200

Propagation Delay

HIGH-LOW-HIGH
PULSE _L_%_- 15V

” WF021210

Pulse Width
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0257525 ADVANCED MICRO DEVICES 81C 22275 D
SWITCHING CHARACTERISTICS over operating range unless otherwise specified T_ 50 9 3
Am2925 Am2025A - s
Parameter Parameter . Test
No. Symbofi Description Conditions Min. Max. Units
C .
1 MAX1 Fo Frequency (TTL Inpu) (Notes 1,7)  [—— CL=15 pF 3 MHz
c RL=280
2 tuaxe Fo Frequency (Crystal Input) (Notes 1, 7)° Mo E 31 MHz
: Fo(_¥ ) to Cy, Ca, Ca, C4 oF c
s rorrser  |giAck O E MorE . 85 ns
. c’ . 17
4 |torrser  |FolF ) 10.C1, Ca Ca Gy or _ e
WAITACK ( 1.) - |MorE 18
c
5 |tskew Ci(Frwc(d) MorE 2 ns
C .
6 |tskew Ci(F ooy (d) Mor E 2 ns
Ci (J )10 Gy ( L) Opposite c ¥
7 tsikEW Transition MorE n ns
c ! 6
8 1s L1, L2, L3 to Cy (I ) (Note 8) Mo E 7 ns
9 | Ly, L2, Lg to Gy '(TF) (Note 8) ﬁ of E 1" ns
10 |t Cx 1o Fo (I ) (Nbtes 2, 6) . 25 ns
1 |y Cx to Fo (I} (Notes 2, 8) o E ) 0 ns
12 | WAITREG to Fo () (Notes 3, 8) |5 o E CL =50 pF 25 ns
RL =20 kQ2
13 |y | WATTREG 10 Fo (4 ) (Notes 3,8) |5 o, & ' 0 ns
14 |t READY to Fo () (Notes 3,8) |5 o e | 25 ne
15 |y READY to Fo () (Notes 3,8)  |$ & 0 ns
RUN, HALT ( L) to Fg () c
1’|t (Notes 3, 4, 8) MorE 28 ns
SSNG, SSNO to Fo (I ) (Notes 3, [C
7w 4,8) MorE 25 rs
TAST 1o Fo (F ) (N 8 |2 39
18 ts First/ to Fo ( ) (Notes 5, 8) Mo E 35 ns
R c 33
19 |tg TNIT (L) to Fo () (Notes 2, 8) [y o a5 ns
: c 20
20 trwL TNIT LOW Pulse Width W or E 55 ns
[ 25
21 ltpy TNIT to WATTACK Mo E — 57 ns
22 tPLH o] 23
: ns
Propagation Delay (Notes 6, 9) MorE CL=15 pF 26
23 tpHL X1 to Fo ) C RL =280 Q 21 ne
) ) M or E 23
Notes: 1. The frequency guarantees apply with Cx connacted to Cq, Cp, C3, C4 or HIGH. The Cyx input load must be
considered part of the 50 pF/2.0 k€ clock output loading.
2. These set-up and hold times apply to the Fp LOW-to-HIGH transition of the period in which Cx goes LOW.
3. These inputs are synchronized internally. Failure to meet tg may cause a 1/Fg delay but will not cause
incorrect operation.
4. These inputs are “'debounced"” by an internal R-S flip-flop and are intended to be connected to manual
break-before-make switches. i
5. FIRST/LAST normally wired HIGH or LOW.
6. Reference point of T offset has been moved forward which has increased T offsets.
7. fmax not tested.
8. Setup and Hold not tested.
9. Tested at 50 pF system load correlated to 15 pF.

18
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SWITCHING WAVEFORMS - 50_. j—g_m )

3 L} i 1 ) L ] Ll 2 3 $ . 1
o] N 3/ \ W/
&= — F—@. —® g T =
- ] X 2
e — ® L ® |
s 3 A

f.
i«) j .
}\jt\imwmwftﬁu%mmmm;

WF003070

Normal Cycle Without Walt States (Pattern Fg Shown)

R,

Walit Timing (Cy Connected to Cj)

WF003061
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Am2925/Am2925A General Test Notes

Automatic tester hardware and handler hardware add addi-
tional round trip A.C. delay to test measurements. Actual
propagation delay testing may incorporate a correlation factor
to negate the additional delay. -

Function testing is done with input LOW less than Vji, and
input HIGH greater than Viy4. Single trip point at the approxi-
mate threshold voltage is used to determine output logic level.

Setup and Hold tests are not performed dus to tester accuracy
limitation. They are guaranteed by correlation. .

0257525 ADVANCED MICRG DEVICES

TpLH and Tppi, X1 to Fo, are tested with Ci = 50 pF and are
extended limits, rather than 15 pF as specified in the Test
Conditions column of the A.C. table. 50 PpF is used because it
is the minimum test system load. This parameter is guaranteed
by correlation to worst-case A.C. parameter.

Programmable loads are used for automatic testing. A.C.
loads specified in the datashest are used for bench testing.
Programmable loads, which simulate datasheets loads, are
used during production testing.

 81C 22277 ©

T -50-23
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0257525 ADVANCED MICRO DEVICES 81C 22278 D
TYPICAL PERFORMANCE CURVES (Cont'd.) 7—_ 50__ 2 3 -
”
08 Tg = =55°C
Tg = 25C H
08 A
04 f|; = 125°C
< 02
£
: 7 = i25cLi4
: FTe = 25°C LA
: ‘ ] -o2 7 X rq=| —55"
2 AL T
? —04 EE s
;f -o06 g_
3’: —oag
‘.* =10 10 20 3.0 40 50
% Viy - VOLTS

PF001080

X1 is not a TTL input. It is a crystal connection to an inverting linear oscillator amplifier, and is specitied primarily for test
convenience.

Figure 13. Am2925 X1 Input Characteristics (Typical, Vcc =5.0 V)

1.9
.1.8 « l
17
1.8 -
iy /
14 i ,
13 /

12 A
Te = -5§5'C

L
-

Tg = 25°C =
]

NORMALIZED - Ig

1.1

1.0
09

1
T = 125°C ——

01 02 05 1 2 3 48 7 10 20 30 40

—_—

o e Y R AP R i e R

FREQUENCY — MHz
PF001080

Figure 14. Am2925 Icc Normalized vs Frequency (Ve = 5.5 V)
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}‘ 0257525 ADVANCED MICRO DEVICES 81C 22279 D
g TYPICAL PERFORMANCE CURVES -’— 50_;3 o
,; 13 ‘
# 1.25 4 - . :
B 115
% $ AV
= o 14 pZ ,/ /
# pese L ||
3 To=25°C //
& s 1
= 08 -
g Tgm 126°C
e 085
A 0.0 05 5O 20.0 400 60.0
g FREQUENGY - MHz :
= OP002180

Figure 156. Am2925A Icc Normalized vs Frequency (Vg =5.5 V)

INPUT/OUTPUT CURRENT DIAGRAM

Driven Input Driving Output
(Sea Note 1) Vee | Voo
i l
I S
S
< b
< 1
b 5
B e |
= Kl
™ Tou
s
- —=
7aN -

1C000880

Notes: 1. this resistor exists for input pins 10, 11, 17, 18 and 19, This resistor does not exist in the input
circuit structure of the other pins.
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0257525 ADVANCED MICRO DEVICES

PHYSICAL DIMENSIONS

CD3024

1.235

1280

13 1
280

310

5B
Loy

——l—i-— .OBBIIAX.-

-——H-—“T”g—ﬂ I—,,—l +“T°5mN' .

a3
j— 418 MAX. —=|
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0257525 ADVANCED MICRO DEVICES ) B1C 22281
’ ADVANCED MICRO DEVICES . -r-._ ~
DOMESTIC SALES OFFICES . SO ‘: 3

ALABAMA ......oiiciviiicmmrenennnenniinnnes rerereans «. (205) 882-9122 (301) 796-9310

ARIZONA, (617) 273-3970
TOMPE c.reeeeniniircieicsnrenereeeeerenemenaarenenes (602) 242-4400 (612) 938-0001
TUCSON wrerceeneensinsnnsecceererernereennereenseassens (602) 792-1200 (201) 299-0002

CALIFORNIA,

El Segundo.... {213) 640-3210 LIVErpool .o.covireivicrereereennneennennanes cieraaneas (315) 457-5400
Newport Beach.. (714) 752-6262 Poughkeepsie (IBM only) (914) 471-8180
San Diego... (619) 560-7030 Woodbury.....c.ovveianennes (516) 364-8020
Sunnyvale.... (408) 720-8811 NORTH CAROLINA, .. . (919) 847-8471
Woodland Hills (818) 992-4155 OREGON ....cocrireiiererieeerenrernennensresensraessene (503) 245-0080
COLORADO...... (303) 741-2800 OHIO,
CONNECTICUT, .ceetiirrraemnencerererenscsnennenens Columbus ........... [EPTPN Caemreesesenrnanans (614) 891-6455
(203) 264-7800 PENNSYLVANIA, .

FLORIDA, . Allentown (AT&T only) ..ccovneevereesnnnvennnenns (215) 398-8006
Altamonte Springs.......c.ceeveeereeemeneesiisren (305) 339-5022 Willow Grove .. (215) 657-3101
Clearwater ........ (813) 530-9971 PUERTO RICO (809) 764-4524
Ft. Lauderdale. (305) 484-8600 TEXAS,

. Melbourne ... (305) 729-0496 AUSHN cocvenviiinieniciisiennaniaineee. e - (512) 346-7830

GEORGIA.... (404) 449.7920 Dallas.. e (214) 934-9099

ILLINOIS .. (312) 773-4422 Houston e (713) 785-8001

INDIANA .. (317) 244-7207 WASHINGTON . (206) 455-3600

KANSAS (913) 451-3115 WISCONSIN ..... erveereerteraenenenaaeanaas (414) 782-7748

. . INTERNATIONAL SALES OFFICES

BELGIUM, - N HONG KONG,

Bruxelles.......ceereeens [T TEL:veveeivarrens (02) 771 99 93 Kowioon ....eevcvieiiinannencenennn, TEL: iveniiniccinenninns 3-695377
FAX:.. (02) 762-3716 FAX:..... .. 1234276
L1 Y +...61028 LI, 50426

CANADA, Ontario, ITALY, Milano..........u..... venrens TEL: .(02) 3390541
Kanata .%..covevenrienennanes .... (613) 592-0080 FAX: .(02) 3498000
Willowdale ....cccuuenerreamnsrannas .. (416) 224-5193 TLX: ciiiircirieniieranennnns 315286

{416) 224-0056 JAPAN, TOKYO .ovvveereeereennnenens TEL: (03) 345-8241

FRANCE, - FAX:coveeiiiiriirennennns 3425196

Paris ....coovvemeeesnniinnenn. rovunen TEL:.. (01) 45 60 00 55 TX: ...J24064 AMDTKOJ -
FAX: .(01) 46 86 21 85 LATIN AMERICA,
TLX: ovininincicinennacnnes 202053F Ft. Lauderdale, ......cceesvernennn, TEL: covevvenenanns (305) 484-8600

GERMANY, T FAX: voviveennnns (305) 485-9736
Hannover area ............... R | (K (05143) 50 55 TLX:......5109554261 AMDFTL

FAX:.. ...(05143) 55 53 SWEDEN, Stockholm .............. TEL:.ovievvnenanns (08) 733 03 50

TLX: T 925287 FAX: (08) 733 22 85

............................ : ... (089) 41 14-0 TLX: .. 11602
.(089) 406490 UNITED KINGDOM, .

......... 623883 Manchester area ......cueeeeees TEL viruunenreenes (0925) 828008

711) 62 33 77 FAX:... . (0925) 827693

(0711) 625187 TLX: ORI 628524

......................... 721882 London area.......cc.csersenenenns TEL: . (04862) 22121

FAX: . (04862) 22179

LI TN 859103

- _ NORTH AMERICAN REPRESENTATIVES

D

CALIFORNIA NEW MEXICO -
Bl ORI OEM (408) 988-3400 THORSON DESERT STATES ...... [T TS TOTTTIPRPs (505) 293-8555
DISTI (408) 496-6868 NEW YORK -
IDAHO NYCOM, INC....ureicrcrrcniiriinnreeniererercsneneee (315) 437-8343
INTERMOUNTAIN TECH MKGT ......ccocounn +... (208) 888-6071 ORIO .
INDIANA . Dayton
SAl MARKETING CORP-.....cccovremeereerrecnnnnene (317) 241-9276 DOLFUSS ROOT & CO.......... [STTTTTN serrecrase (513) 433-6776
I[OWA . Strongsville
LORENZ SALES ......cccovcremmemimnencrrererecsanenee (319) 377-4666 DOLFUSS ROOT & CO...vvvemeerrenesninissennenes (216) 238-0300
MICHIGAN PENNSYLVANIA
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