Agilent 8110A: Multi-channel Product Note
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Conpact, convenient, flexible

Desi gned for characterizing digital circuits in the lab and
in the automatic test environment, the Agilent 8110A pul se generator
has extensive functionality and hi gh paranmetric performance.
Its small size and weight pair well with Agilent's oscilloscopes so
that a powerful stinulus-response tool can be applied rapidly
to new probl enms as they occur.

Thr ough master-slaving, multi-input devices can be stinul ated
with signals that natch the real environnent. Low per-channel
vol une, easy hook-up to systenms, and the ability to conpensate
for skews introduced by test heads and cables, are some of the
attributes that nake this approach practical and econonic.

Applications

CAD emul ation can only go so far; thorough characterization
under realistic conditions is needed before you can proceed with
confidence through the product cycle. For these neasurenents,
repeat abl e signals are needed that are accurate nodels of the
real ones. This means not only simulating the necessary cl ocks,
control inpulses and two- or multi-level data streams, but also
the effects of crosstal k, ground-bounce and distortion.

The same Agilent 8110A master-slave setup will generate any of
these signal types, even a mx of them In the case of data, a
few extra initialization steps are needed to ensure franme
synchroni zation, but the hardware and connections remain the
sane. This document therefore focuses on nmulti-channel clock
and pul se applications on the one hand, and multi-channel data
applications on the other. It is hoped that this results in a
good overview of the possibilities without going into detail of
al | possible signal m xes.
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Part 4: Milti-phase cl ocks

An Agilent 8110A master-slave setup generates accurate cl ock
signals and can also sinmulate "real life" clocks where phase
and duty cycle have been corrupted through the cl ock
di stribution path.

The same setup can al so generate parallel pulse sequences
(and data, too, but this is described later).

It's easy to set up phase, duty cycle and squareness of
cl ock signals because these period-dependent paraneters can be
set up directly. On the other hand, when tinme intervals are
requi red, a keystroke changes the display to delay and w dth
(or leading edge and trailing edge del ays, as required by the
application).

In reality, the signals may well be subject to ground-bounce,
ringing and crosstal k. To hel p understand these problens early
in design, the Agilent8110A lets you sinulate these effects before
hardware is conpleted. This is possible because you can set up
an interferance pulse in one channel and conbine it internally
with a clean waveformin the other. An application of this kind,
with say 4 clock phases, two of which with simulated distortion,
woul d be met by a setup with 2 slaves and just 12 inches height.
Wth the appropriate nunber of Agilent 8110As connected as shown
in Appendi x B, set the instruments as follows:

Mast er

- Recall the default settings.
- Set a deskew delay of 26 ns in both channels (this is
the typical value of slave propagation del ay).

Sl ave(s)

- Recall the default settings.
- TRG MODE page: set pul se period to "ext CLK-1N',
"l eadi ng edge".
- TRG LEV page: change default value of "CLK-IN:
threshol d" as foll ows:

- One sl ave: 1 V.

- Two sl aves: 0 V.

- Three slaves: 0 V for the slave via one splitter,

0 V when via two splitters.
- Four sl aves: 0.3 V.

I f deskew at the device-under-test is an inportant
consi deration, connect the Agilent 8110A outputs to an oscill oscope
with the cables you would normally use with the device. Use a
slave trigger output to trigger the oscilloscope. Set the naster
to a fairly low frequency to avoid pul se-position anbiguity, and
adj ust master and slave delays to "tune out" the skews.

.2
.6
.6
.3

For continuous sequences of higher stability, you can use the
master's internal PLL, or External C ock input, instead of the
internal oscillator. Al that now has to be done is to set the
requi red paraneters and enabl e the outputs. Frequency* (and
any ot her parameters) can now be adjusted any tine as needed.

* Frequency and other tinming paraneters: A glitch may occur
when crossing a boundary from one range to anot her.
Synchroni zation is not inpaired. Alist of ranges is given
in Appendi x C so that boundary glitches can be avoi ded .

Triggered signals, such as clock bursts can be generated by
setting the naster to one of the follow ng:
- Gated pul ses
Pul se period: VCO or PLL.
Gate source: Ext Input
- Triggered burst
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Pul se period: VCO

Trigger source: Ext |nput or PLL
or:

Pul se period: PLL.

Trigger source: Ext |nput.

In a triggered node, the slave(s) must be switched to "Meas
Once" to avoid a fal se neasurenent. Use this procedure to
initialize:

- Master: set to Continuous node.

- Slave: go to TIM NG page and, with "Per" ( or "Freq") val ue
hi ghl i ghted, select "Meas Once" in the MOD FY panel. Now
press Enter to nmeasure the frequency.

- Return the master to the required node.

If the clock frequency of a triggered sequence is to be adjusted
during a neasurenent, renenber that the tining paranmeters (even
if set in terns of phase or % of period) wll NOT change with
frequency because of the need to operate in "Meas Once" npde.

Part 5: Milti-channel digital signals

Digital devices all need "data" of some kind to be tested
realistically. Requirements in practice will be manifold: chip
control signals, device-triggered sequences, parallel data, RZ
or NRZ formats, and 3- or 4-|evel codes.

The ki nd of measurenent (for exanple: pattern comnpare,

state or timng analysis, eye-pattern or BER) will also
i nfluence the stinulus requirenments. These are addressed by the
foll owi ng

Agi | ent 8110A capabilities:
- a pattern node with an editor that includes prbs,
- internal or external starting and cl ocking,
- channel addition for nulti-Ilevel comunications codes, plus
timng and | evel capabilities available in all nodes.

As an exanple, consider an 8-bit MU with chip select and
reset inputs. An Agilent 8110A naster with three slaves can
stimulate not only the eight data |lines but also -thanks to the
strobe channels- the control lines as well.

Wth the appropriate nunber of Agilent 8110As connected as
shown in Appendix B, set the instruments as foll ows:

Mast er

- Recall the default settings.
- Set a deskew delay of 26 ns in both channels (this is
the typical value of slave propagation del ay).

Sl ave(s)

- Recall the default settings.
- TRG MODE page: set pulse period to "ext CLK-1N',
"| eadi ng edge".
- TRG LEV page: change default value of "CLK-IN:
threshol d" as fol | ows:
- One sl ave:
- Two sl aves:

1.2 V.
0.

- Three slaves: 0.
0.

WoOOON

V.

V via one splitter,

Vviatw splitters.
- Four slaves: 0.3 V.

If deskew at the device-under-test is an inportant considera-
tion, connect the Agilent 8110A outputs to an oscilloscope with the
cabl es you would nornmally use with the device. Use a slave
trigger output to trigger the oscilloscope. Set the naster to a
fairly low frequency to avoid pul se-position anbiguity, and
adj ust master and slave delays to "tune out" the skews.

Cont i nuous Sequences

To set up the sequences, proceed as follows:
Set naster and slaves to Continuous Pattern node
Select the format (RZ or NRZ) needed in each channel.
Set all Agilent 8110As to the same pattern |ength.
Enter the data required.
Set timng and out put values as required.
Synchroni ze as shown in Table 1.

ogahkwbhPE
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Table 1: Data generator synchronization

I

|-Set master to "Triggered Pattern" and "Trg' d by: MAN key"

| (the object of this is to stop the master so that no cl ock
| pulses get to the slaves during this synchronization).

| -Set the naster to Burst node, then back to Triggered

| Pattern node.

| -Set the slave(s) to Burst npde, then back to Pattern node

| (this and the previous step clears all the address counters
| so that all channels will start at bit 1 on the first clock).
| -Enabl e all outputs.

| -Set the master to the required node:

| -"Conti nuous Pattern"

| or "Triggered Pattern" / "Trg'd by: PLL"

| or "Triggered Pattern" / "Trg'd by: EXT-IN'

I

For continuous sequences of higher stability, you can use the
master's internal PLL, or External C ock input, instead of the
internal oscillator.

Tri ggered Sequences

As inplied by the last step of Table 1, externally or
internally (PLL)-triggered patterns are also feasible. In the
case of externally-triggered patterns, the PLL can be used as
the period source for higher accuracy. Here, two inportant
condi tions nust be observed:

a) The start is asynchronous, that is, after the external
trigger, the master will wait until the next avail able clock
edge (or next-but-one if the first edge happens to be masked by
the trigger pulse). The advantage of this node -apart from
better frequency stability and accuracy- is that the period
settling tine is zero.

b) The slaves must operate in the "neasure frequency once" node
because conti nuous measurenment of a gated clock would lead to a
false result.

To set up a triggered pattern:

1. Set master and slaves to Continuous Pattern node.

2. Go to the Timng page of each slave and, with "Per" (or
"Freq" highlighted, select "Meas Once" in the MDD FY
panel . Now press the Enter key(s) so that each sl ave
nmeasures the incom ng clock frequency fromthe master.
Return the nmaster to the required node.

Select the format (RZ or NRZ) needed in each channel.
Set all Agilent 8110As to the same pattern |ength.
Enter the data required.

Set timng and out put values as required.

Synchroni ze as shown in Table 1.

Noosrw

If the clock frequency of a triggered sequence is to be
adj usted during a nmeasurement, remenber that the timng
parameters -even if set in terms of phase or % of period- will
NOT change with frequency because of the need for "Meas Once"
node.
Note al so that triggered and continuous patterns | ose
synchroni sm when a boundary from one frequency or other timng
range to another. A list of ranges is given in Appendix C so
that | oss of synchronismcan be avoided. If a boundary is
crossed, performthe synchronization procedure of Table 1. Any
change of data in the programred pattern will cause |oss of
synchroni zation, too. If data is changed, perform Table 1.

Part 6: Some application tips
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Here are sone exanpl es showi ng how the Agilent 8110A's features
in master-slave operation sol ve demandi ng stimul us requirements.

Doubl e- frequency auxiliary cl ock

Generally, master and slaves will be operated in the same node
(exanpl es: multi-phase clock, parallel data applications).
However, there is nothing to prevent one or nore of the slaves
bei ng operated in pul se node when the master and ot her slaves
are in data node. An exanple is shown in Figure 2 where a

doubl e-pul se is generated on each bit of master data.

Mast er (data)

X X X

Sl ave (doubl e pul se)

Figure 2: Generation of doubl e-frequency
square wave (for clarity, pulses are shown
before wi dth and spaci ng have been

equal i zed) .

Accurate downstreamtrailing edge pI acenent

The above technl que can al so be used V\.hen trailing edges in
one channel nust be placed critically relative to the data in
others. This overcomes the incremental nature of trailing-edge
position in NRZ (non-return zero) data format, relative to the
| eadi ng edge. Further, a slave may be clocked froma strobe
out put instead of the clock output when a single event is needed
in the data cycle.

Mast er, pattern node:
Cut put :

X X X X

St robe out

Sl a§/e (pul se node):
Qutput 1 (single pulse):

Del ay
--------- >
_____________ I _ I
t---Wdth--->:
OJt put 2 (doubl e pul se conpl enent)
----Double ---------
e Wdth---->:

Figure 3: Both edges of a pul se event have
variabl e timng and hence can be placed with
hi gh resol uti on anywhere in the data frane.

The above exanmple is taken froma flash-RAMtest application
and is given here to show sonme of the potential.

A "third channel" in each Agilent 8110A

Mention has al ready been made of the strobe output. This has
the same data capability as a nmain output, has selectable TTL/
ECL output level and fixed NRZ timng, so can be used to
stimul ate channels that do not require paranetric adjustnment.
Thus each Agilent 8110A can be regarded as providing an extra
channel .
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Absol ute and peri od- dependent paraneters

Del ay, width and transition-time can be entered in period-
dependent terns (e.g., phase, duty cycle, % of period) in
master and slave instruments as well as in stand-al ones.

How does a slave "know' the period value? Sinply that one of
the functions of the PLL nodule is to neasure the external

cl ock frequency. However, take care if the external clock is
not continuous (which is the case if the master is, for exanple,
in burst or gate nbde, or in triggered pattern node) because
the "m ssing" clock pulses will falsify the frequency
nmeasurenent. To help solve this problem there is a "count once"
node which can be inplenmented when the systemis initialized.

APPENDI X A: Modul es needed in the Agilent 8110As

\Whet her your application needs several pulse channels,
mul ti - phase cl ocks or parallel data patterns, the sane
hardware setups apply. These consist of a naster with up to
four slaves. The instrunent configurations are:

Master Agilent 8110A:

- An Agilent 8110A nai nfrane.

- Two Agilent 81103A channel nodul es.

- An Agilent 81107A deskew nodul e. This nodul e
conpensates for slave propagation time by del ayi ng
the two nmaster channels by an appropriate anount
(typically about 24 ns).

- Optional: an Agilent 81106A PLL nodul e for enhanced
mast er/ sl ave clock accuracy. Also allows synchro-
ni zation to an external clock.

Sl ave Agil ent 8110As

- An Agilent 8110A nai nfrane.

- Two Agilent 81103A channel nodul es.

- An Agilent 81106A PLL nmodul e, essential for synchro-
nizing to the master.

- Optional: an Agilent 81107A deskew nodul e. This nodul e
is nore essential the higher the frequency. It allows
differences in set-up and test-head propagation tinmes
to be conpensated at the device-under-test.

APPENDI X B: Connections and accessories needed

For all applications -that is, multi-channel clock, pulse
and data requirenents- a slave is synchronized to the naster
by connecting the master's Trigger output to the slave's C ock
i nput .

For clean triggering, it is inportant to connect with 50-ohm
conponents and to ensure that all slave Cock inputs are set to
50-ohm Dependi ng on the nunber of slaves, one or nore power
splitters are needed to preserve a 50-ohm match throughout the
clock distribution. This nunber of splitters determ ne the
threshold |l evel to which the slave C ock inputs should be set.
These details are shown bel ow for setups consisting of 2, 3, 4
and 5 instrunents.

Two Agilent 8110As: 4 full channels 2 strobes

- one nmaster and one sl ave,
- one 61 cm 50-ohm coax cable (Agilent 8120-1839).

Master Agilent 8110A Sl ave Agilent 8110A
Trigger Qut <---------mmmom > Clock In (rear panel)
(TTL levels 61-cm BNC (50 ohm
sel ect ed) cabl e 1.2 V threshol d)

Three Agilent 8110As: 6 full channels 3 strobes

- one master and two sl aves,
- one 61 cm 50-ohm BNC coax cable (Agilent 8120-1839),
- one BNC f-f adapter (Agilent 1250-0080),
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- one adder/splitter (Agilent 15104A, passive 50-ohm delta network),
- two 30 cm 50-ohm BNC coax cables (Agilent 8120-1838).

Adapter
Mast er 8110A \ | | >- <<|
(TTL levels 61-cm BNC | | Cdock In (rear panel)
30-cm (50 ohm 0.6 V threshol d)
cabl e
Sl ave 2 8110A
Fromsplitter <------------- > Cock In (rear panel)
30-cm (50 ohm 0.6 V threshol d)
cabl e

Four Agilent 8110As: 8 full channels 4 strobes

- one nmaster and three sl aves,

- one 61 cm 50-ohm BNC coax cable (Agilent 8120-1839),

- one BNC f-f adapter (Agilent 1250-0080),

- two adder/splitters (Agilent 15104A, passive 50-ohm delta network),
- three 30 cm 50-ohm BNC coax cabl es (Agilent 8120-1838).

Splitter 1 Agilent 15104A

Mast er 8110A [ ]><<| |
(TTL levels 61-cm BNC / | ___| Cock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e
Sl ave 2 8110A
Fromsplitter 2 <-------------- > Cock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e
Sl ave 3 8110A
Fromsplitter 1 <--------------- > Clock In (rear panel)
30-cm (50 ohm 0.6 V thresh)
cabl e

Five Agilent 8110As: 10 full channels 5 strobes:
- one master and four sl aves,
- one 61 cm 50-ohm BNC coax cable (Agilent 8120-1839),
- one BNC f-f adapter (Agilent 1250-0080),
- three adder/splitters (Agilent 15104A, passive 50-ohmdelta
net wor k) ,
- four 30 cm 50-ohm BNC coax cabl es (Agil ent 8120-1838).

Splitter 1 Agilent 15104A

Mast er 8110A | I><<| |
(TTL levels 61-cm BNC | | dock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e
Sl ave 2 8110A
Fromsplitter 2 <------------- > Clock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e
Sl ave 3 8110A
Fromsplitter 3 <------------- > Clock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e
Sl ave 4 8110A
Fromsplitter 3 <------------- > Clock In (rear panel)
30-cm (50 ohm 0.3 V threshol d)
cabl e

APPENDI X C. Tim ng ranges
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5. 2ns 9. 99ns
10ns 99. 9ns
100ns 999ns
lus 9. 99us
10us 99. 9us
100us 999us
1ns 9. 99ns
10ns 99. 9ns
100ns 999ns
1s 9. 99s
10s 99. 9s
100s 999s

W dth ranges

2. 4ns 9. 99ns
10ns 99. 9ns
100ns 999ns
lus 9. 99us
10us 99. 9us
100us 999us
1ns 9. 99ns
10ns 99. 9ns
100ns 999ns

Del ay ranges

Ons 9. 99ns
10ns 99. 9ns
100ns 999ns
lus 9. 99us
10us 99. 9us
100us 999us
1ns 9. 99ns
10ns 99. 9ns
100ns 999ns

Doubl e pul se ranges

4. 3ns 9. 99ns
10ns 99. 9ns
100ns 999ns
lus 9. 99us
10us 99. 9us
100us 999us
1ns 9. 99ns
10ns 99. 9ns
100ns 999ns

PLL frequency ranges

160MHz 80MHz
79. 99MHz 40MHz
39. 99M#z 20MHz
19. 99Mhz 10MHz
9. 999M#z 5MHz
4. 999MHz 4AMHz
3. 999M+z 2MHz
1. 999MHz 1MHz
999. 9kHz 800kHz
799. 9kHz 400k Hz
399. 9kHz 200kHz
199. 9kHz 100kHz
99. 99k Hz 80kHz
79. 99kHz 40kHz
39. 99k Hz 20kHz
19. 99kHz 10kHz
9. 999k Hz 8kHz
7. 999kHz 4kHz
3. 999k Hz 2kHz
1. 999kHz 1kHz
999. 9Hz 800Hz
799. 9Hz 400Hz
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399. 9Hz 200Hz
199. 9Hz 100Hz
99. 99Hz 80Hz
79. 99Hz 40Hz
39. 99Hz 20Hz
19. 99Hz 10Hz
9. 999Hz 8Hz
7.999Hz 4Hz
3. 999Hz 2Hz
1.999Hz 1Hz
999. 9ntHz 800nmHz
799. 9nHz 400mHz
399. 9ntHz 200nHz
199. 9nHz 100nHz
99. 99ntHz 80ntHz
79. 99nHz 40nHz
39. 99ntHz 20mHz
19. 99nHz 10mHz
9. 999ntHz 8nHz
7.999nHz 4mHz
3.999ntHz 2mHz
1.999nHz 1nmHz
Part 1.10.

APPENDI X D:  Automatic synchronization

The follow ng programin HPBasic autonmates the procedure in
Part 5 for synchronizing digital patterns. It also handles data
| oadi ng.

10 I Mast er/ sl ave: data | oading and sync routine
20 CLEAR SCREEN
30 ASSI GN @m TO 711
40 ASSIGN @s TO 712
50 CLEAR @m
60 CLEAR @s
70 QUTPUT @Pm " * RST"
80 QUTPUT @Ps; " * RST"
I

100 I Master settings:
110 QOUTPUT @m ": TRI G COUN 50;: DI G PATT ON' ! 50-bit pattern,
pattern node.
120 QOUTPUT @m ": ARM SOUR | MM : TRIG SOUR I NT2" ! Conti nuous
cycle, PLL clock.
130 I QUTPUT @m " ROSC: SOUR EXT; EXT: FREQ 10 MHZ" | Activate if
ext frequency ref needed.
140 OUTPUT @m ": FREQ 100 MHZ"
150 OUTPUT @m ": DI G PATT: DATA #250400113333333333333331
10000000000000000000000000000"
160 IData pattern: # =start of bl ock

170 ! 2 = "next 2 characters define block |ength
180 ! 50 = "block has 50 characters"

190 I Block characters set consecutive bits (frombit 0)
200 ! into channels 1, 2 or strobe as foll ows:

210 ! 1 sets a bit inchl to 1

220 ! 2 sets a bit inch2to 1l

230 ! 3 sets sane bit in chl and ch2

240 ! 4 sets a bit in strobe channel to 1
250 ! 5 sets sane bit in chl and strobe to 1
260 ! 6 sets sane bit in ch2 and strobe to 1
270 ! 7 sets sane bit in all channels to 1

280 OUTPUT @m ": DI G SI GN1: FORM NRZ; : DI G SI G\N2: FORM NRz"

290 !

300 I Slave settings:

310 QUTPUT @Ps;": TRIG COUN 50; : DI G PATT ON' ! Pattern count

same as nmster's.

320 QUTPUT @s;": PULS:WDT1 2.4NS" ! Mn pulse width....

330 QUTPUT @s;": PULS:WDT2 2.4NS" !..to all ow max frequency.

340 QUTPUT @ps; ": PULS: PER: AUTO ONCE" ! Measures naster
frequency MTrig Qut to S-Cock In.

350 QUTPUT @s;": ARM SOUR | MM : TRI G SOUR EXT2" ! Cont cycle.

Rear - panel Cl ock In is source.

360 OQUTPUT @Ps; ": DI G PATT: DATA #25040000000000000003000

000000000000000000000000000000"

370 OUTPUT @Ps; ": PULS: PER: AUTO ONCE"
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380 QUTPUT @Ps;": DI G Sl GN1: FORM Rz"

390 QUTPUT @Ps; ": PULS: DEL2 2NS"

400 QUTPUT @ps;": PULS: WDT1 5NS"

410 QUTPUT @ps;": PULS: WDT2 5NS"

420 WAIT 1

430 LOCAL @m

440 LOCAL @s

450 PRI NT "Manual adjustnments can now be made. Wen finished,"

460 PRI NT "press CONT to synchroni ze master and sl ave"

470 PAUSE ! Synch routine. |nplenent whenever frequency or
pattern are changed.

480  CLEAR SCREEN

490 QUTPUT @m ": PULS: DEL1 22. 3NS" ! Conpensates sl ave prop

500 QUTPUT @m ":PULS: DEL2 22.3NS" ! delay. Skip if 81107A
not fitted.

510 QUTPUT @m ": ARM SOUR MAN' | Stop naster

520 QUTPUT @m ": DI G PATT OFF" | Set master to....

530 WAIT 1

540 QUTPUT @m":DIG PATT ON' ! ....start at bit 1.
550 | Set slave to start at bit 1:

560 OQUTPUT @ps;": DI G PATT OFF'" | Set slave to.....
570 WAIT 1

580 QUTPUT @Ps;":DIG PATT ON' ! ....start at bit 1.
590 QUTPUT @m ": OUTP1 ON;: QUTP2 ON' ! Switch all. ..
600 QUTPUT @s;": QUTP1 ON;: QUTP2 ON' ! ...outputs on.
610 PRINT "Press CONT to start signals”

620 PAUSE

630 CLEAR SCREEN

640 QUTPUT @m": ARMSOUR IMM' | Start nmaster

650 PRI NT "Master and sl ave synchronized and active"

660 WAITS

670 CLEAR SCREEN

680 PRINT "Re-run programif frequency or pattern are to be
changed. "

690 LOCAL @m

700 LOCAL @s

710 END
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