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Sequences and Run Mode Options

Electronic devices and system
become more and more complex and
force more complex measurements

and so long and complex waveforms,

which require in case of an AWG
long play times. One approach is to
increase the amount of memory. The
Agilent 81180A is available with 16
or 64 Msamples memory. The other
possibility is to make best usage of
the memory with a sequencer. Many
waveforms are repetitive depending
of certain events.

This application note focuses on
sequence parameters and how they
can be used in different run mode
options to generate and refine the
output of the 81180A. Chapter 3

of the 81180A Arbitrary Waveform
Generator (AWG) manual describes
the sequence function and front
panel programming aspects of
various sequence parameters. What
is also important is being able to
create a sequence that matches the
requirements of real life scenarios.

This is normally difficult with simple
sequence routines however, the
81180A AWG has capability that,

if fully understood, can be used to
duplicate and simulate extremely
complex scenarios. Examples of such
waveforms include communication
signals from a ground to air station,
battle field stealth techniques,
complex 1&Q modulation signals, and
multi-tone phase-shifted communica-
tion signal.



Table 1 shows how advance modes 4. Select an advance mode. Advance If the above steps are properly

affect the sequence in various mode defines how the waveforms defined, your sequence will generate
run mode options. Just as a brief in the sequence table step through at the output connector. Note that
reminder, sequences are cre- the sequence table entries. There downloading waveforms and creating
ated in sequence tables. To create a are three advance mode options: the sequence table are prerequisites
sequence one must do the following: auto, once, and stepped. to generating any type of sequence.

5. Select run mode. Run mode defines Advance and run modes can be
1. Define waveform segments. ' ' modified later with no effect on the

if the sequence will be generated
2. Download waveforms to the continuously without intervention sequence table. Also note that the
' 81180A can store up to 1,000 differ-

waveform segments. from the outside world, or if the .
ent sequence tables which can be

sequence requires an enable, . .
>4 at recalled one at a time to play different
trigger, or gating event to start a ) ) S
scenarios, for different applications,
sequence.
at the output connector.

3. Write a sequence table that
defines steps, segments, repeats,
and jump bits. (Figure 1 shows
an example of a sequence table
created on an 81180A front panel
display.)

Table 1: Sequence advance in various run mode options

Advance Arm Idle Enable Abort Initiate Jump
Run mode  Waveform . . . : .
mode options waveform signal signal signal signal
Self-armed Sequence — - =0 1-1M - Bit (0|1) Event —
Auto
Armed Wave BUS | Event BUS - 1-IM - Bit (0|1) Event -
Sequ d
Once Armed Wave BUS | Event BUS  — 1-1IM  1-1M Bit(0]1) — -
Stepped Armed Wave BUS | Event BUS - - - - Event -
Continuous
Self-armed Adv'd seq - - 1-M - Bit (0|1) Event -—
Auto
Armed Sequence BUS | Event BUS - 1-IM - Bit (0|1) Event -—
Adv'd Seq.
Once Armed Sequence BUS | Event BUS  — 1-IM  1-1M Bit(0]1) - -
Stepped  Armed Sequence BUS | Event BUS  — - - - Event —
Self-armed — — — — — — — — —
Auto
Armed DC - BUS  FP.|BUS|Trigger 1-1M - Bit (0|1) Event Yes
Q d
N Once Armed DC - BUS F.P.|BUS|Trigger 1-1M 1-1M Bit(0|1) Event -
Stepped Armed DC - BUS FP.|BUS|Trigger — - - Event Yes
Triggered
Self-armed — - - - - - - - -
Auto
Armed DC - BUS  FP.|BUS|Trigger 1-1IM - Bit (0|1) Event Yes
Adv’d Seq.
Once Armed DC - BUS F.P.|BUS|Trigger 1-1M 1-1M Bit(0|1) Event -
Stepped  Armed DC - BUS FP.|BUS|Trigger — - - Event Yes
Self-armed — - - - - - - - -
Auto
Armed DC - BUS  FP.|Trigger 1M - Bit (0|1) Event -
Sequ d
Once Armed - - - - - - - - -
Stepped  Armed - - - - - - - - -
Gated
Self-armed — - - - - - - - -
Auto
Armed DC - BUS F.P.| Trigger 1-1M  1-1IM Bit(0|1) Event -—
Adv'd Seq.
Once - - - - - - - - - -
Stepped — - - - - - - - Event —

1. Note: “—" denotes not relevant



Table’s glossary of terms

Run mode — Defines basic instrument
run mode options

Continuous — Waveform is gener-
ated continuously

Triggered — Output waits for trigger;
waveform is generated once

Gated — Output waits for gating
signal; waveform is generated as
long as the gating signal is true

Waveform — Sequenced or advanced
sequencing waveforms; waveform
coordinates must be downloaded to
the instrument and sequence tables
updated to generate these waveforms

Advance mode — Basic sequence
advance modes; relevant for
sequenced waveforms and sequenced
sequences only

Auto — A sequence is generated
continuously

Once — A sequence is generated
once

Stepped — The sequence waits for
an event to jump to the next step

Arm options — Defines if a waveform
is self-enabled or requires a control
signal to initiate
Self-armed — The output does not
require a control signal to generate
waveforms
Armed — A control signal is required
to enable waveform generation

Idle waveform — Defines the state of
the output waveform before an event
(enable, trigger, or gate) initiates a
waveform

DC - First waveform point

Wave — First waveform in a
sequence

Enable signal — Defines the source
from where an enable signal is
expected. Affects the output only
when the arm option is set to armed

BUS — A remote command enables
the output

Event — A transition at the event
input enables the output

Abort signal — Defines the source
from where an abort signal is
expected

BUS — A remote command aborts
all output activities. This signal does
not affect the generator when set to
operate in self-armed mode

Initiate signal — Defines the wait for
trigger entry port to initiate a wave-
form. Relevant for trigger and gated
run modes only

F.P. — A front panel push button is
used to initiate a waveform or a
sequence

BUS — A remote command initi-
ates a waveform or a sequence.
Selecting this option automatically
disables front panel operation

Trigger — A valid signal at the trig-
ger input initiates a waveform or a
sequence

Wave loops — Defines how many
times the waveform repeats after a
valid initiate signal

Seq loops — Defines how many
times the sequence and sequenced
sequences repeat after a valid
initiate signal

Jump flag — Marks a step in a
sequence as either wait for an event
to jump or unconditional jump

Bit = 0 — Unconditional jump to the
next step upon completion of the
waveform loops

Bit = 1— Dwell on current step and
wait for an event to jump to the
next step

Jump signal — Defines the entry
port for a signal to cause a jump

Event — Assigns the event input as
the jump signal

Smart trigger — Defines if smart
trigger features are available for a
specific function.



Using sequences in continuous
run mode

This section describes how the
sequence generator behaves in
continuous run mode and in conjunc-
tion with the three advance mode
options: auto, once, and stepped.
The examples are driven from the
sequence table shown in Figure

1. The Continuous, auto sequence
section below relates to Table 2

» Sequenced #1 » Table

Apply
Changes

J MOD: AUTO

EASE MODE SYHC OUT [CH11] INTER-CHANNELS [CH21

and the section’s flow charts depict COUPLE: DC  PNS: @Pts OFFSET: EPis
RUM: COMT  WIDTH: 4Pts SKEW: 8.88ns

the sequence flows for the various
advance modes.

Figure 1: Sequence table example

Table 2: Sequence advance in continuous run mode option

Advance Arm Idle Enable Abort Wave Seq Jump Jump
mode options waveform signal signal loops loops flag signal
Auto Self-armed Sequence - — 1- 1M — Bit (0|1) Event
Armed Wave BUS|Event BUS 1M - Bit (0|1) Event
Once Armed Wave BUS|Event BUS 1-1M  1-1M  Bit(0]1) -
Stepped  Armed Wave BUS|Event BUS - - - Event

Continuous, auto sequence

Let us take the first line in Table 2
and analyze how a sequence
behaves if you placed the run mode
in continuous, advance mode in auto
and the arm option in self-armed.
Figure 1 shows the actual sequence
table entries and Figure 2 depicts
the sequence flow as listed in the
sequence table.

This is the simplest form of
sequence. Notice that as soon as the
sequence is programmed, the output
starts generating waveforms in an
ascending order per the advanced
sequence table. Also notice that the
jump flag for Step 3 is set to “1".
The jump flag controls the flow of
the sequence. When encountered,
the step halts until a jump event is
asserted, in this case, Step 3 of the
sequence. The sequence continues
until it reaches Step 5 and then

sequence generation resumes
without delay and without waiting
for external signals to trigger the
sequence.

If there was no jump flag set for

Step 3, the same sequence as shown
in Figure 2 repeats itself continuously
and indefinitely until turned off by
the user.

rSTEP 1 { STEP 2 r STEP 3

WAVEFORM Y WAVEFORM
LOOP(S) A LOOP(S)

WAVEFORM LOOP(S)
JUMP FLAG = 1

Now, let us add a bit of complexity

to the continuous, self-armed auto
mode by adding an arming option.
The arm option idles on the first
waveform and waits until a valid
event starts the sequence. After

this event, the sequence behaves as
expected from a self-armed sequence
scheme. The user can select when to
abort the sequence.

;STEP4 rSTEPE

WAVEFORM Y WAVEFORM
LOOP(S) A LOOP(S)

RETURN TO START

EVENT

i

Figure 2: Continuous, self armed auto sequence mode



Figure 3 depicts the continuous auto
sequence in arm mode, using the
same sequence table that was used
for the self-armed mode.

Immediately after the sequence table
and modes have been programmed,
the output starts idling on the
waveform, which is defined in Step 1.
An enable event is required to start
the sequence and when asserted,
the sequence pointer shifts to the
start of the first waveform and begins
generating the sequence.

r STEP 2

WAVEFORM
LOOP(S)

rSTEP 1

WAVEFORM LOOP(S)

RETURN TO IDLE (STEP 1 WAVEFORM) V

r STEP 3

WAVEFORM LOOPS
JUMP FLAG =1

Notice that the jump flag for Step 3

is set to “1”. The jump flag controls
the flow of the sequence. When
encountered, the step halts until

a jJump event is asserted, in this

case, Step 3 of the sequence. The
sequence continues until it reaches
Step b and resumes generating the
sequence without delay and without
waiting for external signals to trigger
the sequence; the same sequence

as shown in Figure 2. If there was no
jump flag set for Step 3, the sequence
repeats itself continuously and indefi-
nitely until turned off by the user.

r STEP 4 r STEP 5

WAVEFORM Y WAVEFORM
LOOP(S) LOOP(S)

RETURN TO START

ENABLE *

EVENT

ABORT

Figure 3: Continuous, armed auto mode

The sequence can be stopped when
one of two conditions occurs: 1) an
abort signal is asserted or 2) another
output function is programmed by
the user. An abort signal returns the
sequence pointer to Step 1 where
the output idles on this step until the
sequence is re-enabled.



Continuous, once sequence

Let us take the third line in Table 2
and analyze how a sequence behaves
if you place the run mode in continu-
ous and set the advance mode to
once. Figure 1 shows the actual
sequence table entries and Figure 4
depicts the sequence flow as listed in
the sequence table.

The once mode is similar to the
continuous, armed auto sequence
except that the sequence loops

only the number of times that have
been defined by the sequence loop’s
counter.

Immediately after the sequence table
and modes have been programmed,
the output starts idling on the
waveform which is defined in Step 1.
An enable event is required to start
the sequence and when asserted, the
sequence pointer shifts to the start
of the first waveform and initiates
generation of the sequence.

Notice that the jump flag for Step 3
is set to “1”. The jump flag controls
the flow of the sequence. When
encountered, the step halts until

a jump event is asserted, in this
case, Step 3 of the sequence. The
sequence continues until it reaches
Step 5. If the sequence loop’s counter
is set to “1”, the output will cease
generating the sequence and will idle
on the waveform as programmed in
Step 1. If the sequence loop counter
has been programmed to a certain
value, the sequence will repeat itself

r STEP 2

WAVEFORM
LOOP(S)

rSTEP1

WAVEFORM LOOP(S)

RETURN TO IDLE (STEP 1 WAVEFORM) V

rSTEPS

WAVEFORM LOOPS
JUMP FLAG =1

until it completes the number of loops
specified and then will idle on the
waveform as specified in Step 1.

The sequence can be stopped when
one of three conditions occurs: 1) an
abort signal is asserted and the
signal returns the sequence pointer
to Step 1 where the output idles until
the sequence is re-enabled, 2) anoth-
er output function is programmed

by the user, or 3) the sequence loop
counter reaches the final number of
loops.

r STEP 4 r STEP 5

WAVEFORM Y WAVEFORM

RETURN TO START

ENABLE *

EVENT

ABORT

Figure 4: Continuous, once sequence mode



Continuous, stepped sequence

rSTEP1 rSTEPZ ‘—STEPS rSTEP4 rSTEPS

The forth line in Table 2 contains

arameters that affect the continu- WAVEFORM Y"  WAVEFORM LOOP(S)
P WAVEFORM LOOP(S) LOOP(S) JUMP FLAG = 1

ous, stepped sequence. In general,

stepped sequence requires events to
advance from one step to the next. In
fact, this is like programming all jump RETURN TO START
bits in the sequence table to “1".

Immediately after the sequence table ENABLE *

and modes are programmed, the * * * * *
output starts idling on the waveform EVENT

defined in Step 1. An enable event is A

required to start the sequence. When ABORT :

asserted, the sequence pointer shifts Figure 5: Continuous, stepped sequence mode

to the start of the first waveform

and initiates generation of the first
waveform in the sequence. From this
point onwards, only events advance
waveforms from step to step and
when the sequence ends, it starts

all over again without the need for
another enable signal.

The sequence can be stopped when
one of three conditions occurs: 1) an
abort signal is asserted and returns
the sequence pointer to Step 1, where
the output idles until the sequence

is re-enabled, 2) another output
function is programmed by the user,
or 3) events are no longer available to
advance the steps.



Using sequences in triggered
run mode

The following section describes how
the sequence generator behaves in
triggered run mode and in conjunc-
tion with the three advance mode
options: auto, once, and stepped.
The examples are all driven from

the sequence table example shown
in Figure 6. The explanations below
pertain to Table 3 and the flow charts
that depict sequence flows for the
various advance modes.

» Sequenced #1 » Table

Apply
Changes

COUPLE: DC
RUN: CONT

PNS: BPt=
WIDTH: 4Pt=s

EASE MODE SYHC DUT [CH11 INTER-CHANNELS [CHZ1]

OFFSET: 6Pts
SKEW: 8.88ns

Figure 6: Sequence table example

Table 3: Sequence advance in triggered run mode option

Advance Arm Idle Abort Initiate Smart
mode options waveform signal  signal trig
Auto Self-armed - — - - - — -
Armed DC BUS FP.|BUS|Trigger 1-1M - Bit (0|1) Event Yes
Once Armed DC BUS F.P.|BUS|Trigger 1-1M 1-1M Bit (0|1) Event -—
Stepped  Armed DC BUS F.P.|BUS|Trigger — - - Event  Yes

Triggered, auto sequence

Let us analyze how a sequence
behaves if you place the run mode

in triggered and the advance mode

in auto. Figure 6 shows the actual
sequence table entries and Figure 7
depicts the sequence flow as listed in
the sequence table.

Notice that as soon as the sequence
is programmed, the output starts
idling on a DC level and waits there
for a valid trigger signal. The output
starts generating the waveforms in
the sequence table in an ascending
order, as listed in the sequence table.
Also notice that the jump flag for
Step 3 is set to “1”. The jump flag is
used for controlling the flow of the
sequence. When encountered, the
output dwells on the waveform until
a jump event is asserted, in this case,
Step 3 of the sequence. Then, the
sequence continues until it reaches
Step 5 and resumes generating the

WAVEFORM LOOP(S)
JUMP FLAG =1

STEP 4 STEP 5

LOOP(S) A LOOP(S)

RETURN TO START

TRIGGER *

EVENT

ABORT

Figure 7: Triggered, auto sequence mode

sequence again; without delay and
without waiting for external signals to
trigger the sequence.

If there was no jump flag set for
Step 3, the same sequence shown in
Figure 7 would repeat itself continu-
ously and indefinitely until turned off
by the user.

Finally, if you compare the triggered
auto run mode sequence to the
continuous and armed auto run mode,
the difference is obvious; one idles

on a waveform and the otheron a

DC level. Once enabled or triggered,
the two types of sequences behave
exactly the same.



Triggered, once sequence

The once advance mode differs from
the auto advance mode only in the
way the sequence stepper behaves
at the end of the sequence. In auto
advance mode the sequence repeats
itself continuously until stopped by
the user. In once advance mode,

the user defines a loop counter that
tells the sequence generator how
many times it should be repeated.
At the end of the repeat counter, the
sequence resumes idle position on a
DC level.

Figure 6 shows the actual sequence
table entries and Figure 8 shows

the sequence flow as listed in the
sequence table. Notice that as soon
as the sequence is programmed, the
output starts idling on a DC level

and will wait there for a valid trigger
signal. Then, the output starts gener-
ating the waveforms in the sequence
table in an ascending order as listed
in the advanced sequence table. Also
notice that the jump flag for Step 3 is
set to “1”. The jump flag controls the
flow of the sequence. When encoun-
tered, the output dwells on the wave-
form until a jump event is asserted, in
this case, Step 3 of the sequence. The
sequence continues until it reaches
Step 5 and then resumes to idle on a
DC level, except if the loop counter
has been programmed to generate
“N" multiples of sequence loops.

If there was no jump flag set for Step
3, the same sequence as shown in
Figure 2 would repeat itself for “N”
times and then resume to idle on a
DC level.

;STEF 1 ; STEP 2

IDLE WAVEFORM LOOP(S)
JUMP FLAG =1

LOOP(S)

; STEP 4 ; STEP 5

LOOP(S)

LOOP(S)

ONCE LOOFSV

@0k A LOOPS)

RETURN TO IDLE

TRIGGER *

EVENT

ABORT '

Figure 8: Triggered, once sequence mode

Triggered, stepped sequence

As described in the continuous
stepped sequence mode, stepped
sequence requires events to advance
from one step to the next. The dif-
ference between the continuous and
triggered modes is that the continu-
ous stepped advance mode starts
from a waveform (as programmed
for Step 1, and the triggered step
advance mode starts from a DC level.

Immediately after the sequence table
and modes have been programmed,
the output starts idling on a DC level.
A trigger event is required to start
the sequence. When asserted, the
sequence pointer shifts to the start of

IDLE
(DC)

the first waveform and initiates gen-
eration of the first waveform in the
sequence. From this point onwards,
only events advance waveforms from
step to step, and when the sequence
ends it starts all over again without
the need for another trigger signal.

The sequence can be stopped when
one of three conditions occurs: 1) an
abort signal is asserted and returns
the sequence pointer to Step 1 where
the output idles until the sequence

is re-enabled, 2) another output
function is programmed by the user,
or 3) events no longer are available to
advance the steps.

TRIGGER * f *

ABORT :

Figure 9: Triggered, stepped sequence mode



Using sequences in gated
run mode

The following section describes how
the sequence generator behaves

in gated run mode. In fact, there is
only one advance mode that can be
used in conjunction with the gated
run mode and that is auto advance.
Once and stepped advance modes
can not be used in gated run mode.
The sequence example is driven from
the sequence table shown in Figure
10. The explanations below pertain to
Table 4 and the flow chart that depict
sequence flow for the gated auto
advance mode.

Table 4: Sequence advance in gated run mode

Advance Arm Idle Abort
mode options  waveform signal

Auto Armed DC BUS

Gated, auto sequence

Now let us analyze how a sequence
behaves if you place the run mode in
gated and the advance mode in auto.
Figure 10 shows the actual sequence
table entries and Figure 11 depicts
the sequence flow as listed in the
sequence table.

Notice that as soon as the sequence
is programmed, the output starts
idling on a DC level and waits there
for a valid gating signal. Then,

the output starts generating the
waveforms in the sequence table in
an ascending order. Also notice that
the jump flag for Step 3 is set to “1".
The jump flag controls the flow of the
sequence. When encountered, the
output dwells on the waveform until
a jump event is asserted, in this case,
Step 3 of the sequence. Then, the
sequence continues until it reaches
Step 5. It then resumes generating
the sequence without delay and
without waiting for external signals to
trigger the sequence.

» Sequenced #1 » Table

Apply
Changes

ADU MOD: AUTO

BASE MODE SYHC OUT [CH11 INTER-CHANNELS [CHZ1

If there was no jump flag set for Step
3, the same sequence as shown in
Figure 7 would repeat itself continu-
ously and indefinitely until turned off
by the user.

The sequence can be stopped when
one of three conditions occurs: 1) an
abort signal is asserted and returns

STEP 1 STEP 2

IDLE
(DC)

WAVEFORM Y WAVEFORM
LOOP(S) LOOP(S)

WAVEFORM LOOP(S)
JUMP FLAG =1

COUPLE: DC  PNS: BPts OFFSET: BPts
RUMz COMT WIDTH: 4Pts SKEW: @.88nhs
Figure 10: Sequence table example
Initiate Wave Jump Jump
signal loops flag signal
F.P.| Trigger 1-1M  Bit(0]|1) Event

the sequence pointer to a DC level
where the output idles until the
sequence is re-enabled, 2) another
output function is programmed by the
user, or 3) the gating signal transi-
tions to low and hence terminates the
gated operation.

.

GATE

EVENT

ABORT

Figure 11: Gated, auto sequence mode



Advanced Sequence and Run Mode Options

Table 1 shows how advance modes
affect the advanced sequence in
various run mode options. Just

as a brief reminder, an advanced
sequence is created in a special
advanced sequence table. To create
an advanced sequence one must do
the following:

1. Define waveform segments.

2. Download waveforms to the wave-
form segments.

3. Write sequence tables that defines
steps, segments, repeats, and
jump flags.

4. Write an advanced sequence table
that defines steps, sequences,
repeats and jump flags, just as is
done for normal sequences except
the table entries require sequence
numbers, not segment numbers.
Figure 12 shows an example of an
advanced sequence table created
on an 81180A front panel display.

5. Select an advance mode. Advance
mode defines how the waveforms
in the sequence table step through
the sequence table entries. There
are three advance mode options:
auto, once and stepped.

» ASequenced #1 » Table

Apply
Changes

COUPLE: DC
RUM: COMT

PNS: BPts
WIDTH: 4PL=s

AMPL: +1.@88Upp
OFFS: +@. Jdc

BASE MODE SYHC OUT [CH11 INTER-CHANMELS [CH21

OFFSET: @Pts
SKEW: 8.88ns

Figure 12: Advanced sequence table example

6. Select run mode. Run mode defines
if the sequence will be generated
continuously without intervention
from the outside world, or if it
requires an enable, trigger, or gat-
ing events to start a sequence.

If the above steps are defined prop-
erly, your advanced sequence will be
generated at the output connector.
Note that downloading waveforms,
creating sequence tables, and then
an advanced sequence table, are
prerequisites to generating any type
of sequence. Advance and run modes
can be modified later with no effect
on the sequence table. The 81180A
AWG can store only one advanced
sequence table, but can store up

to 1,000 different normal sequence
tables that can be used for the
advanced sequencing technique.



Using an advanced sequence in
continuous run mode

The following section describes how
the advanced sequence generator
behaves in continuous run mode
and in conjunction with the three
advance mode options: auto, once,
and stepped. The examples are all
driven from the advanced sequence
table example as shown in Figure 1.
The explanations below pertain to
Table 5 and the flow charts that
depict sequence flows for the various
advance modes.

Continuous, auto advanced sequence

Let us take the first line in Table 5
and analyze how a sequence behaves
if you place the run mode in continu-
ous, advance mode in auto and the
arm option in self-armed. Figure 12
shows the actual sequence table
entries and Figure 13 depicts the
advanced sequence flow as listed in
the advanced sequence table.

This is the simplest form of advanced
sequence. Notice that as soon as
the sequence is programmed; the
output generates sequences in an
ascending order, as listed in the
advanced sequence table. Also notice
that the jump flag for Step 3 is set to
“1”. The jump flag controls the flow
of the sequence. When encountered,
the step halts until a jump event

is asserted, in this case, Step 3 of
the sequence. Then, the sequence

Table 5: Advanced sequence in continuous Run Mode

Advance Arm Idle

mode options waveform signal

Enable

Abort Jump
signal flag

Jump
signal

Auto Self-armed Adv'd seq — — 1-IM - Bit (0|1) Event
Armed Sequence BUS|Event BUS 1-1M - Bit (0| 1) Event

Once Armed Sequence BUS|Event BUS 1-1M 1-1M Bit(0|1) —

Stepped  Armed Sequence BUS|Event BUS - - - Event

r STEP 3

rSTEP 1 ; STEP 2

SEQUENCE
LOOP(S)

SEQUENCE
LOOP(S)

SEQUENCE LOOP(S)
JUMP FLAG =1

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE
LOOP(S) LOOP(S)

RETURN TO START

EVENT

i

Figure 13: Continuous, self-armed auto advanced sequence mode

continues until it reaches Step 5 and
resumes generating the sequence
again without delay and without wait-
ing for external signals to trigger the
sequence.

If there was no jump flag set for
Step 3, the same sequence as shown
in Figure 13 would repeat itself con-
tinuously and indefinitely until turned
off by the user.

Now, let us add complexity to the
continuous, self-armed auto advanced
sequence mode by adding an arming
option. The arm option idles on the
first sequence and waits until a valid
event starts the advanced sequence
as listed in the advanced sequence
table. After this event, the advanced
sequence behaves just as a self-
armed advanced sequence scheme,
except the user can select when to
abort the sequence when it is no
longer required.



Figure 14 depicts the continuous auto
advanced sequence in armed mode,
using the same sequence table as
was used for the self armed mode.

Immediately after the advanced
sequence table and modes have been
programmed, the output starts idling
on the sequence which is defined in
Step 1. An enable event is required
to start the sequence and when
asserted, the advanced sequence
pointer shifts to the start of the first
sequence and initiates generation of
the sequence.

rSTEP 2

SEQUENCE
LOOP(S)

rSTEP 1

SEQUENCE LOOP(S)

SEQUENCE LOOP(S)
JUMP FLAG =1

Notice that the jump flag for Step
3issetto “1”. The jump flag is
controls the flow of the sequence.
When encountered, the step halts
until a jump event is asserted, in this
case, Step 3 of the sequence. The
sequence continues until it reaches
step 5 and then resumes generating
the sequence again without delay and
without waiting for external signals
to trigger the sequence. The same
sequence as shown in Figure 14. If
there was no jump flag set for Step 3,
it would have repeated itself continu-
ously and indefinitely until turned off
by the user.

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE
LOOP(S) A LOOP(S)

RETURN TO START

ENABLE *

EVENT

ABORT

Figure 14: Continuous, armed auto advanced sequence mode

The advanced sequence can be
stopped when one of two conditions
occurs: 1) an abort signal is asserted
or 2) another output function is
programmed by the user. An abort
signal returns the advanced sequence
pointer to Step 1. The output idles

on this step until the sequence is
re-enabled.



Continuous, once advanced sequence

Let us take the third line in Table b
and analyze how an advanced
sequence behaves if you place the
run mode in continuous and the
advance mode in once. Figure 12
shows the actual sequence table
entries and Figure 15 depicts the
sequence flow as listed in the
sequence table.

The once mode is similar to the
continuous, armed auto sequence
except that the advanced sequence
loops only the number of times that
are defined by the sequence loop’s
counter.

Immediately after the advanced
sequence table and modes have been
programmed, the output starts idling
on the sequence defined in Step 1.
An enable event is required to start
the sequence and when asserted, the
sequence pointer shifts to the start
of the first sequence and initiates

generation of the advanced sequence.

Notice that the jump flag for Step 3
is set to “1”. The jump flag controls
the flow of the sequence. When
encountered, the step halts until a
jump event is asserted, in this case,
Step 3 of the sequence. The sequence
continues until it reaches Step b. If
the sequence loop’s counter is set to
“1", the output will cease generating
the sequence and will idle on the
sequence as programmed in Step 1.
If the sequence loop’s counter has
been programmed to a certain value,
the sequence will repeat itself until it

rSTEP 2

SEQUENCE
LOOP(S)

rSTEP 1

SEQUENCE LOOP(S)

SEQUENCE LOOP(S)
JUMP FLAG =1

completes the number of loops and
then resume idle on the sequence as
specified in Step 1.

The sequence can be stopped when
one of three conditions occurs: 1) an
abort signal is asserted and the

signal returns the sequence pointer
to Step 1 where the output idles

on this step until the sequence is
re-enabled, 2) another output function
is programmed by the use, or 3) the
sequence loop counter has reached

the final number of loops.

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE
LOOP(S) A LOOP(S)

ADVANCED SEQUENCE LOOPS

ENABLE *

EVENT

ABORT

Figure 15: Continuous, once advanced sequence mode



Continuous, stepped sequence An enable event is required to start
the sequence and when asserted, the
sequence pointer shifts to the start of
the first sequence and initiates gen-
eration of the first sequence in the
advanced sequence loop. From this
point onwards, only events advance
sequences from step to step and
when the advanced sequence ends, it
starts all over again without the need
for another enable signal.

The forth line in Table 5 contains
parameters that affect the continu-
ous, stepped advanced sequence. In
general, stepped advanced sequence
requires events to advance from one
step to the next. In fact, this is like
programming all jump bits in the
sequence table to “1”.

Immediately, after the advanced
sequence table and modes have been
programmed, the output starts idling
on the sequence defined in Step 1.

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE

rSTEP 3

SEQUENCE LOOP(S)

r STEP 2

SEQUENCE

‘—STEP 1

SEQUENCE LOOP(S)

LOOP(S) LOOP(S) LOOP(S)
START SEQUENCE
RETURN TO START
A '
: RETURN TO IDLE (STEP 1 SEQUENCE) 1
ENABLE *
EVENT * * * * *
ABORT

Figure 16: Continuous, stepped advanced sequence mode

The advanced sequence can be
stopped when one of three conditions
occurs: 1) an abort signal is asserted
and returns the sequence pointer

to Step 1 where the output idles on
this step until the sequence is re-
enabled, 2) another output function is
programmed by the user, or 3) events
no longer are available to advance the
steps.



Using an Advanced Sequence
in Triggered Run Mode

The following paragraphs describe
how the advanced sequence genera-
tor behaves in triggered run mode and
in conjunction with the three advance
mode options: auto, once, and
stepped. The examples are all driven
from the advanced sequence table
shown in Figure 17 and the explana-
tions below pertain to Table 6. The
flow charts depict sequence flows for
the various advance modes.

» ASequenced #1 » Table

Apply
Changes

ALY MOD: AUTO

COUPLE: DC
RUM: COMT

PNS: BPts
WIDTH: 4Pts

Sequehce Repeat.

Junp
Flag

EASE MODE SYHC 0OUT [CH11] INTER-CHAMMNELS [CHZ21

OFFSET: BPts
SKEW: 8.88nhs

Figure 17: Sequence table example

Table 6: Advanced sequence advance in triggered run mode

Advance  Arm Idle Abort o . Wave  Seq
. . Initiate signal
mode options waveform  signal loops loops
Auto Self-armed — - - - - - - -
Armed DC BUS F.P.|BUS|Trigger 1-1M - Bit (0]1) Event Yes
Once Armed DC BUS  FP.|BUS|Trigger 1-1M 1-1M  Bit (0]1) Event —
Stepped Armed DC BUS F.P.|BUS|Trigger — - - Event  Yes

Triggered, auto advanced sequence

Now let us analyze how a sequence
behaves if you place the run mode in
triggered and advance mode in auto.
Figure 17 shows the actual sequence
table entries and Figure 18 depicts
the advanced sequence flow as listed
in the sequence table.

{STEP 1 r STEP 2 rSTEP

SEQUENCE Y SEQUENCE
LOOP(S) LOOP(S)

IDLE

SEQUENCE LOOP(S)

Notice that as soon as the sequence
is programmed, the output starts
idling on a DC level and waits there
for a valid trigger signal. The output
then starts generating the sequences
in the sequence table in ascending
order, as listed in the advanced
sequence table. Also notice that the

3 r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE
LOOP(S) LOOP(S)

JUMP FLAG =1

RETURN TO START

(00}

e RETURNTO IDLE ]
TRIGGER *
EVENT *
ABORT A

Figure 18: Triggered, auto advanced sequence mode

jump flag for Step 3 is set to “1”. The
jump flag controls the flow of the
sequence. When encountered, the
output dwells on the sequence until
a jump event is asserted, in this case,
Step 3 of the sequence. Then the
sequence continues until it reaches
Step b and resumes generating the
sequence again without delay and
without waiting for external signals to
trigger the sequence.

If there was no jump flag set for Step
3, the same sequence as shown in
Figure 18 would have repeated itself
continuously and indefinitely until
turned off by the user.

Finally, if you compare the triggered
auto run mode sequence to the
continuous and armed auto run mode,
the difference is obvious: one idles

on a sequence and the otheron a

DC level. Once enabled or triggered,
the two types of sequences behave
exactly the same.



Triggered, once advanced sequence

The once advance mode differs from
the auto advance mode only in the
way the sequence stepper behaves
at the end of the sequence. In auto
advance mode the sequence repeats
itself continuously until stopped by
the user. In once advance mode,

the user defines a loop counter that
tells the sequence generator how
many times to repeat. At the end of
the repeat counter, the sequence
resumes idle position on a DC level.

Figure 17 shows the actual sequence
table entries and Figure 19 depicts
the sequence flow as listed in the
advanced sequence table. Notice
that as soon as the sequence is
programmed, the output starts idling
on a DC-level and will wait there

for a valid trigger signal. The output
then starts generating the sequences
in the sequence table in ascending
order, as listed in the advanced
sequence table. Also notice that the
jump flag for Step 3 is set to “1”.
The jump flag controls the flow of
the sequence. When encountered,
the output dwells on the sequence
until a jump event is asserted, in this
case, Step 3 of the sequence. The
sequence continues until it reaches
Step 5 and then resumes to idle on

a DC level except if the loop counter
has been programmed to generate
“N" multiples of sequence loops.

If there was no jump flag set for Step
3, the same sequence as shown in
Figure 19 would repeat itself for “N”
times and then resume to idle on a
DC level.

IDLE SEQUENCE
LOOP(S)

SEQUENCE
LOOP(S)

|

SEQUENCE LOOP(S)
JUMP FLAG = 1

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE IDLE
LOOP(S) LOOP(S) (DC)

\

ONCE LOOPS

[ -

TRIGGER *

EVENT

ABORT

Figure 19: Triggered, once advanced sequence mode

Triggered, stepped advanced
sequence

As described in the continuous
stepped advanced sequence mode,
stepped sequence requires events to
advance from one step to the next.
The difference between the two
modes is that the continuous stepped
advance mode starts from a sequence
(as programmed for step 1) and the
triggered step advance mode starts
from a DC level.

Immediately, after the advanced
sequence table and modes have
been programmed, the output starts
idling on a DC level. A trigger event
is required to start the sequence
and when asserted, the sequence

rSTEP 1 r STEP 2 rSTEP 3

SEQUENCE \_{ SEQUENCE
LOOP(S) LOOP(S)

IDLE

SEQUENCE LOOP(S)

pointer shifts to the start of the first
sequence and initiates generation of
the first sequence in the advanced
sequence. From this point onwards,
only events advance sequences from
step to step and when the sequence
ends, it starts all over again without
the need for another trigger signal.

The advanced sequence can be
stopped when one of three conditions
occurs: 1) an abort signal is asserted
and returns the sequence pointer to
Step 1 where the output idles on

this step until the sequence is
re-enabled 2) another output function
is programmed by the user, or

3) events no longer are available to
advance the steps.

r STEP 4 r STEP 5

SEQUENCE }_{ SEQUENCE
LOOP(S) LOOP(S)

RETURN TO START

(bC) 4

TRIGGER * * *

ABORT

L -

Figure 20: Triggered, stepped advanced sequence mode



Using an Advanced Sequence
in Gated Run Mode

The following section describes how
the advanced sequence generator
behaves in gated run mode. In fact,
there is only one advance mode that
can be used in conjunction with the
gated run mode is auto advance.
Once and stepped advance modes
can not be used in gated run mode.
The sequence example is driven from
the advanced sequence table shown
in Figure 21. The explanations below
pertain to Table 7 and the flow chart
depicts sequence flow for the gated
auto advance mode.

» ASequenced #1 » Table

Apply
Changes

ADU MOD: AUTO

COUPLE: DC
UMz COMT

PNS: BPts
WIDTH: 4PLs

EASE MODE SYHC OUT [CH11] INTER-CHAMMNELS [CHZ21

OFFSET: BPits
SKEW: &.88ns

Figure 21: Advanced sequence table example

Table 7: Sequence advance in gated run mode option

Advance Arm Idle Abort

mode options waveform signal
Auto Armed DC BUS

Gated, auto sequence

Now let us analyze how a sequence
behaves if you place the run mode

in gated and advance mode in auto.
Figure 21 shows the actual sequence
table entries and Figure 22 depicts
the sequence flow as listed in the

sequence table.

Initiate signal

F.P.| Trigger 1-1M

Wave Jump Jump
loops flag signal

Bit (0|1) Event

Notice that as soon as the sequence
is programmed, the output starts
idling on a DC level and waits there
for a valid gating signal. The output
then starts generating the sequences
in an ascending order, as listed in the
advanced sequence table. Also notice
that the jump flag for Step 3 is set to

“1”. The jump flag controls the flow
of the sequence. When encountered,
the output dwells on the sequence
until a jump event is asserted, in this
case, Step 3 of the sequence. The
sequence continues until it reaches
Step 5 and then resumes generating
the sequence again without delay and
without waiting for external signals to
trigger the sequence.

r STEP 4 r STEP 5

SEQUENCE Y SEQUENCE
LOOP(S) LOOP(S)

r STEP 3

SEQUENCE LOOP(S)
JUMP FLAG =1

rSTEP 1 r STEP 2

SEQUENCE Y SEQUENCE
LOOP(S) LOOP(S)

If there was no jump flag set for
Step 3, The same sequence shown in
Figure 22 would repeat itself continu-
ously and indefinitely until turned off
by the user.

IDLE
(DC)

PP ELLLEE

: The sequence can be stopped when

A I— one of three conditions occurs: 1) an
GATE abort signal is asserted and returns
* the sequence pointer to a DC level
where the output idles until the
: sequence is re-enabled 2) another
output function is programmed by the
user, or 3) the gating signal transi-
tions to low and hence terminates the

gated operation.

EVENT

ABORT

Figure 22: Gated, auto sequence mode
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