Mul ti-channel signals wth programmabl e inter-channel phase

This solution requires a Gsize VXl cage, a control card, an
E1420A counter and, if nore than two E1440As are used, an
E1366A swi tching unit.

Features and benefits
- Sl ave E1440A frequencies can be a multiple of naster
f requency.
- Channel s can be independently nodul ated (AMor PM).
-11-digit frequency resol ution.
-Phase accuracy /-2 degree at 20 MHz (even better at
| ower frequencies due to counter's 200 ps time-interval
resol ution).
-Qut put waveforns need not be the sane, and are sel ectable
from
sine (up to 21 M), square or triangle (up to 11 M),
and ranp (up to 11 kHz). Mninumfrequency is 1 uHz.
-5 ppmstability, if E1440As are dai sy-chained. Can be
i nproved by using the counter reference.
-1 ndependent anplitude 1 mvpp to 10 Vpp into 50 ohm
ption 001 provides 4 mvpp to 40 Vpp into 500 ohm

Appl i cation exanpl e: Navigation Systens

Test of vehicle receivers used in Decca-type |ocation systens
requires a nunber of synthesizers to simulate the signals from
a nunber of fixed transmtters. The frequencies, which are

mul tiples of the master transmtter frequency, must not only be
phase-| ocked, but al so of programmabl e phase so that receiver
perfornance can be verified for any vehicle position.

Setting up for the first tine

After inserting the nmodules in the VX -cage, the front panel
connections shown in the foll owi ng di agram must be made.
Additionally, the counter's 10 Mz reference can be "dai sy-
chai ned" to all E1440As; this however is not essential, the
VXl -internal CLKLO |ine can be used instead.

a) Two channel s

Mast er E1440A (left)

| Sync Qut |

| | [ E1420A Count er

I
I I I
Sl ave E1440A [ | I'nput |
| 1 |
I I I I
I Sync Qut| I I
I I | Input |
| 2 |
I I

b) Three to five channels
Mast er E1440A (furthest left)

| | E1366A Switch
| Sync Qut|
|

[ | E1420A Count er

| 00 I

| 01 I I I
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1st sl ave E1440A

I I
| Sync Qut |

[oNe)
w N

e el
WN RO

2nd sl ave E1440A

|
|
| Sync Qut|____ To 4th sl ave E1440A

To 3rd sl ave E1440A

Try to keep the Sync Qut path | engths as equal as possible. The
same applies to the main outputs. Performa phase neasurenent
at the device and note any of fset needed. Wth propagation
times equalized, the phase accuracy lies in the range /-1to
/- 7 degree dependi ng on waveformand anplitude mx, and
frequency.

From here on, correct phase relationship is sinply a natter of
setting each slave to the required phase. Subsequently, whenever
frequency, waveformor anplitude are changed, a phase-cal should
be performed. If nore than one counter is detected, the one with
the | owest slot nunber will be taken.

A'so, the current settings of the counter and switch are stored.
This is to allow the counter to be used for other neasurenents.

After the phase calibration, the previous counter settings are

autonatically recal |l ed.

The calibration is done by the subprogram Sc_cal i brate, which
first measures the tine delay between the positive slopes of
the sync signal fromthe master device (which is used as a
reference) and the sync signals fromthe slaves. It then

cal cul ates the phase error between master and sl ave and adj usts
each slave so that all channels are in phase with the naster.

After calibration, the programsets the different E1440A's to
t he desired phase val ues. Then, as mentioned above, counter and
switch are returned to their previous settings.

Aut onat i on
UNSUPPCRTED prograns are attached:
1. PHASECAL: provides a user interface and phase-calibrates
aut ormati cal | y.
2. ERRCRHANDLING a utility for use in any application where
self-test is to be inplenented.
The prograns are in HP Basic and stored as ASCll files (use the
HP Basi ¢ command CGET to load the file).

PHASECAL i npl enents phase calibration for up to five HP E1440As.
If a daisy-chained reference signal is used instead of VX |ine
CLK10, change line 109 from
109 QUTPUT Hpi b E1440(1, 2); ": SOURCE: ROBC. SOURCE CLK10"
I CLK10 is ref
to:
109 QUTPUT Hpi b E1440(1, 2); ": SOURCE: RCSC. AUTO ON'
I Daisy chain ref

Initially, the routine detects the cards in the VX -cage (SUB
Sc_getdev) and assigns the E1440A with the | owest slot nunber
as master, the one with the next higher slot nunber will be
slave 1, and so-on. If nmore than one E1420A counter is detected,
the one with the I owest slot nunber will be taken.

A'so, the current settings of the counter and switch are stored.
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This is to allowthe counter to be used for other neasurenents.

The calibration is done by the subprogram Sc_cal i brate, which
first measures the tine delay between the positive slopes of
the sync signal fromthe naster device (which is used as
reference) and the sync signals fromthe slaves. It then

cal cul ates the phase error between master and sl ave and adj usts
each slave so that all channels are in phase with the master.

After calibration, the programsets the different E1440's to
the desired phase values, and returns the counter and switch to
their previous settings.

1 ! PHASE CALIBRATICN UTILITY (IN RMB) FOR A MASTER E1440A
2 ' WTH UP TO FOUR SLAVE E1440As.

3 1

4 I E1420A COUNTER MUST BE | NSTALLED I N THE SAME NAI NFRAME.
5 !

6 ' IF THERE | S MORE THAN ONE SLAVE, A PROGRAMVABLE GO AX
7 ' SWTCH WLL ALSO BE NEEDED. TH S PROGRAM USES THE

8 ! E1366A SWTCH

9 1

10 !

11 !

12 REAL Counter

13 REAL Switch

14 REAL Master

15 REAL Frequency
16 REAL Master_phase
17 REAL S ave(1:4)

HPI B- address of E1420 e.g. 71605

HPI B- addr ess of Swi t chbox

HPI B- addr ess of naster E1440

Frequency of naster E1440

Phase of master E1440 after calibration

HPI B- addr esses of slave E1440's, O for

unused sl aves

18 |INTEGER Sl ave_nulti(1:4)

19 REAL Slave_phase(1l:4) ! Slave phase after cal

20 REAL Error I Return value: O=cal ok, 1=timeout

21 | NTEGER Pm cal 1 0: CALIBRATION WLL BE DONE FOR PM BY
|

22 SWTCH NG CFF/ ON PM | NPUTS

23 ! TH S MAY CAUSE FOR SQUAREWAVES A PHASE

24 ! SH FT OF 180 DEGREES

25 I<>0: FOR SQUAREWAVES WTH PM THE PROGRAM W LL
26 ! CALI BRATE WTH PM SW TGHED ON AND ASK

27 ! TO DI SCONNECT/ CONNECT THE CABLES TO THE
28 ! PM I NPUTS. TH S PROTECTS FROM THE PHASE
29 ! SH FT, BUT NEEDS MANUAL MZDI FI CATI ONS CF
30 ! THE TEST CABLE CONNECTI ONS

31 !

32 Fréquency:lSOO
33 Save multi(1)=1
!

34
35 REAL Hpib ! incl sec addr. Used only for Sc_getdev subpgm
36 Hpi b=71600 ! HAS TO BE CHANGED TO VALI D ADDRESS

37 CALL Sc_getdev(Hpib, Counter, Switch, Master, Sl ave(*))
I assign dev addresses
38 I CALL
I'lc_calibrate(Counter, Sw tch, Mast er, Frequency,
Mast er _phase, Sl ave(*),

w
©

40 ''Slave_multi(*), Sl ave_phase(*), Error, Pmcal)
41 END

42 !

43 !

44 SLB Sc_get dev( Hpi b, Count er, Swi tch, Master, Sl ave(*))
I CHECK DEV ADDRESSES

45 I this subprogramis only used to show how the
configuration of the VX
46 I -mainfrane can be detected autonmatically. It is

not needed for calibration
47 | NTEGER |, Devnunber, Count , E1440a, E1420a, Sbox
48 | REAL Mg, Dummy, La(1: 13), E1440(1: 5, 1: 2), Sl ot, Dev,
49 11 Swi tchbox(1: 3, 1: 2), E1420( 1: 3, 1: 2)
50 DI M Dev$[20], Dumy$[ 200], D ad$[ 50]
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51 Counter=0

52 IF NOT Hpi b THEN SUBEXI T

53  ON TI MEQUT | NT( Hoi b/ 10000),5 GOTO Ti nmeout _err or
54  Dev=Hpi b

55 QUTPUT Hpi b; ": VXl : CONF: DNUWP"

56  ENTER Hpi b; Devnunber

57 QUTPUT Hpi b; ": VXl : CONF: DLAD?"

58 ENTER Hpi b; D ad$

59 FCR | =1 TO Devnunber

60 La(l)=VAL(D ad$)

61 D ad$=D ad$[ PC5(D ad$, ", ") 1, LEN(D ad$)]

62 QUTPUT Hpi b; ": VXI : CONF: DLI S? "&VALS$(La(l))
63 ENTER Hpi b; Dunmy, Dummy, M g, Dumy, Sl ot , Durmy$

64 | F M g=4095 THEN I manufacturer hp ?
65 La(l)=INT(La(l)/8)

66 Dev=Hpi b La(l)

67 QUTPUT Dev; "*| DN?"

68 ENTER Dev; Dumy$

69 Durmy$=Durnmy$[ PCS( Dummy$, ", ") 1, LEN( Durmy$) ]
70 Durmy$=Dunmy$[ 1, PCS( Dummy$, ", ") - 1]
71 SELECT Durmy$

72 CASE " E1440A"

73 El1440a=E1440a 1

74 Count =Count 1

75 I F Count <6 THEN

76 E1440( Count , 1) =Sl ot

77 E1440( Count , 2) =La( )
78 END I F

79 CASE "E1420A"

80 E1420a=E1420a 1

81 E1420( E1420a, 1) =Sl ot

82 E1420( E1420a, 2) =La( )
83 CASE " SWTCGHBOX", " E1472A"
84 Sbox=Shox 1

85 Swi t chbox( Shox, 1) =S ot
86 Swi t chbox( Sbox, 2) =La(l)
87 CASE ELSE

88 END SELECT

89 END I F

90 NEXT |

91 |F Count THEN

92 I MAT SORT E1420(*, 1)

93 I MAT SORT Swi t chbox(*, 1)
94 FOR1=3 TO1 STEP -1

95 | F E1420(1,2) THEN

96 Count er =Hpi b E1420(1, 2)
97 END I F

98 I F Switchbox(l,2) THEN
99 Swi t ch=Hpi b Swi t chbox(I, 2)
100 END I F

101 NEXT |

102 ' MAT SORT E1440(*, 1)

103 Count =0
104 FORI1=1 TO5

105 | F E1440(1,2) THEN

106 Count =Count 1

107 I F Count=1 THEN Master=Hpi b E1440(I, 2)

108 I F Gount>1 THEN Sl ave(Count - 1) =Hpi b E1440(1, 2)

109 QUTPUT Hpi b E1440( 1, 2);": SOURCE: RCSC. SOURCE CLK10"
I CLK10 is ref

110 END | F

111 NEXT |

112 END IF

113 | F E1420a=0 THEN PR NT "CONFI G ERROR No E1420 cntr*
114 |1 F Sbox=0 AND E1440a>1 THEN

115 PRINT "OONFI G MESSAGE. No Swi t chbox"

116 END IF

117 | F El440a<2 THEN PRI NT "CONFI G ERROR  No E1440"

118 CFF TI MEQUT

119 SWBEXIT
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120
121
122
123
124

125

126
127
128
129
130

131

132
133

134

135
136
137

138
139
140
141
142
143
144

145

146

147

148
149

150
151
152
153
154

155
156
157
158
159
160
161
162
163
164
165
166
167

168

169

170

171
172

Ti meout _error:!

CFF TI MEQUT

I1PRINT "ERRCR No devi ce "&VAL$(Dev) &
SUBEND !'!
11'SUB Sc_cal i brate(Counter, Swi tch, Mast er, Frequency,

Mast er _phase, Sl ave(*),
' NTEGER Sl ave_mul ti (*), REAL Sl ave_phase(*), Error,
| NTEGER Pmcal )

REAL Master_pm Sl ave_pm Test 1, Test 2, J, Sl ave_frequency, Faul t

D M Mast er _wave$[ 15], Sl ave_wave$[ 15]

| NTECER |

Error=1

I'F NOT Master OR NOT Counter THEN SUBEXIT ! no master or

count er addr
I F Mast er <10000 OR Count er <10000 THEN SUBEXI T
I inconpl ete addr
| F Frequency>2. 1E 7 THEN SUBEXI T I Frequency linit
ON TI MEQUT | NT( Mast er/ 10000), 7 GOTO No_count
I'timeout? ->abort
QUTPUT Master;": FREQ FI X " &/AL$( Fr equency) &' Hz;
: SOURCE: PM STATE?"

I check naster pm
ENTER Mast er ; Mast er _pm
QUTPUT Mast er; " : SOURCE FUNCTI ON SHAPE?"
I check master waveform
ENTER Mast er ; Mast er _wave$
I F Master_wave$="DC' THEN SUBEXIT ! no calibration for dc
QUTPUT Counter;"*SAV 9" I save counter setup
1'1TQUTPUT Counter;": 1 NPL: ROUTE SEP; : SENSEL: EVENT: SLCPE
11 PGS, : SENSE2: EVENT: SLOPE PCS; @ | NPUT1: COUP DG, : | NPUT2
11 COUP DG i I NPL: I MP 50; : I NP2: | MP 50"
11T QUTPUT Count er; ": SENSEL: EVENT: LEVEL: AUTO CFF;
: SENSEL: EVENT: LEVEL
11 ABS 1.5V, : SENSE2: EVENT: LEVEL: AUTO CFF;
: SENSE2: EVENT: LEVEL: ABS 1. 5V'
I'F (Switch MCD 10000) THEN QUTPUT Switch; "*SAV 9;
: RQUT: LGS (@oo0)"
Ilsave nmux settings, switch mux to connect naster to
counter input 1
ON TI MEQUT | NT( Count er/ 10000) , 7 GOTO No_cal
I F (Mast er _wave$<>"SQUARE') OR Master_pnx>1 OR
Pm cal =0 THEN
QUTPUT Master;": SOUR PM STAT CFF"
Test1=0 ! output has normal phase during calibration
ELSE ! select desired and necessary calibration
Test 1=180! output has inverted phase during calibration
PRI NT " CALI BRATI ON MESSACE: Pl ease di sconnect cable from
PM i nput"
Il "at nmaster device ("&AL$(Master)&') then press any key"
I''1TON KBD ALL GOTO ! 152
Qoro 151 I wait for user action
'l OFF KBD
END I F
| F Mast er _phase<>Test 1 THEN
FOR J=Mast er _phase TO Test1 STEP (Test 1- Mast er _phase)/ 15
N ! omt phase shift bel ow 25 kHz
QUTPUT Master;": SOUR PHAS " &VAL$(PROND(J, - 1)) &' DEG'
NEXT J
END I F
FCRI1=1 TO 4
IF Slave(l) AND ((1=1) OR (Switch MDD 100)) THEN
! sl ave on setup ?
I'IF (Switch MZD 10000) THEN QUTPUT Switch;": rout
:clos (@1"&VALS(1-1)&")
1l "9 ave_frequency=Frequency*Sl ave_mul ti (1)
I calcul ate new sl ave frequency
QUTPUT Sl ave(l);": FREQ FI X "&VAL$( Sl ave_frequency) &' Hz;
: SOURCE: PM STATE?"
ENTER S ave(l); Sl ave_pm I check slave for pm
QUTPUT Sl ave(l);": SOURCE: FUNCTI ON SHAPE?"
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173
174
175
176

177
178
179
180
181

182

183
184
185
186
187
188

189

190
191
192
193
194

195
196

197
198
199
200
201

202
203
204
205

206

207

208
209
210
211
212
213
214
215
216
217

218
219
220
221
222

223

224
225
226
227
228

ENTER S ave(l); Sl ave_wave$ I check sl ave waveform
| F Slave_wave$<>"DC' AND S ave_frequency<2.1E 7 THEN
' no calibration for dc or frequencies above 21MH#z

I F (S ave_wave$<>"SQUARE') CR S ave_pnx>1 CR Pmcal =0

THEN
QUTPUT S ave(l);": SOUR PM STAT CFF"
Test 2=180
ELSE
Test 2=0

PRI NT " CALI BRATI CN MESSACE: Pl ease di sconnect
cable fromPM i nput"
Il "at slave"&AL$(1)&" device ("&/ALS(S ave(l)) &")
then press any key"
I'ON KBD ALL QOrTO 176
Il @Oro 175 I wait for user action
' CFF KBD
END I F
I F Sl ave_phase(l)<>(180-Test2) THEN
FCR J=Sl ave_phase(l) TO 180- Test2 STEP
(180- 9 ave_phase(1))/15
I'l omt phase shift bel ow 25 kHz for phase changes
> 25 deg (squarewave)
QUTPUT S ave(l);": SOUR PHAS' &/AL$( PROUND(J, - 1)) &' DEG'
NEXT J
END I F
|
CALL Sc_neasure(Count er, Master, Sl ave(l), Test 2,
Sl ave_frequency, Faul t)

|
[1IF ABS(Faul t-180)<179.5 THEN QUTPUT Sl ave(l);": SOUR
PHAS " &VALS$
I'l (Fault)&" DEG : SOURCE: PHASE: REFERENCE'
I F Sl ave_phase(l) THEN
FCR J=0 TO Sl ave_phase(l) STEP (Sl ave_phase(l))/15
I omt phase shift bel ow 25 kHz
QUTPUT S ave(l);": SOUR PHAS "&VAL$(PROUND(J, -1)) &
" DEG
NEXT J
END I F
QUTPUT Sl ave(l);": SOUR PM STAT "&VAL$( S ave_pm)
I F (S ave_wave$="SQUARE') AND Sl ave_pnmrl AND Pm cal <>0
THEN
I'l' PRINT "CALI BRATI ON MESSAGE: Pl ease connect cable to
PM i nput at
Ilslave" &/AL$(1) &' device ("&ALS(S ave(l))&') then
press any key"
Il ON KBD ALL QOTO 197
QOTO 196 I wait for user action

| F Test 1<>Mast er _phase THEN
FOR J=Test1l TO Mast er _phase STEP (Master_phase-Test1)/15
! omt phase shift bel ow 25 kHz for changes > 25 deg (only
for squarewave)
QUTPUT Master;": SOUR PHAS " &VAL$(PROND(J, - 1)) &' DEG'
NEXT J
END I F
QUTPUT Mast er; ": SOUR PM STAT " &VAL$( Mast er _pm
I F (Master_wave$="SQUARE') AND Master_pn¥l AND Pm cal <>0
THEN
1l PRI NT "CALI BRATI ON MESSACGE: Pl ease connect cable to
PM i nput at
I'l'master device ("&VAL$(Master)&'), then press any key"
Il ON KBD ALL GOTO 212
Qoro 211 I wait for user action
'l OFF KBD
END I F
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229
230

231
232
233
234
235
236
237
238

239
240
241
242
243
244
245
246

247
248
249
250
251
252

253
254
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

281

QUTPUT Counter;"*rcl 9" | re-store counter setup
IF (Switch MDD 10000) THEN QUTPUT Switch;"*rcl 9"
I re-store nux setup
CFF TI MEQUT
Error=0 ! no error occured
SUBEXI T
No_cal :!
ON TI MEQUT | NT( Count er/ 10000), 7 GOTO No_count
! if device timeout then abort
QUTPUT Counter;"*rcl 9" | re-store counter setup
IF (Switch MDD 10000) THEN QUTPUT Switch;"*rcl 9"
I re-store nux setup
No_count : !
CFF TI MEQUT I calibration not successful, tineout
SUBEND
|
SUB Sc_neasur e( Count er, Mast er, Sl ave, Test 2, Frequency, Faul t)

REAL Resol ution, Measure(1: 3), J, Tout
| F Frequency>2000 THEN
I sel ect measurenent resolution of counter depending on
expected timeinterval
Resol ution=1. E- 10
ELSE
Resol ution=1. E-9
END I F
Tout =3/ Frequency 5
Sc_get del ay( Fr equency, Resol uti on, 360, Count er, Tout ,
Measure(1))
Sc_get del ay( Fr equency, Resol uti on, 360, Count er, Tout ,
Measure(2))
'IF (ABS(Measure(2)-Measure(1))>1.5) AND ((ABS
(Measure(1)-180)<179)
11 R (ABS(Measure(2)-180)<179)) THEN
I both values in tol erance?
ON TI MEQUT | NT( Count er/ 10000) , 5 GOTO End
FCR J=180- Test 2 TO Test2 STEP (Test 2/5-18)
I onit phase shift below 25 KHz for phase changes >
25 deg on squarewave signal s
QUTPUT S ave; ": SOUR PHAS " &VAL$(PROUND(J, -1)) &' DEG'
NEXT J
WAIT .3
Sc_get del ay( Fr equency, Resol uti on, 540, Count er, Tout ,
Measur e(3))
ITIF (ABS(Measur e(2) - Measure(3))>2) AND ((ABS
(Measure(2)-180)<178.5) R
Il (ABS(Measure(3)-180)<178.5)) THEN
I conpare second with third measurenent
Measur e( 3) =Measur e( 1)
Measur e( 1) =Measur e( 3)
Sc_get del ay( Fr equency, Resol uti on, 540, Count er, Tout ,
Measur e(3))
I'ITF (ABS(Measure( 1) - Measure(3))>3) AND ((ABS
(Measure(1)-180)<178) R
'l (ABS(Measur e(3)-180)<178)) THEN 246
I last two measurenents in tol erance?
Measur e( 2) =Measur e( 3)
ELSE
Measur e( 1) =Measur e( 3)
END | F
FCR J=Test 2 TO 180- Test 2 STEP (18- Test 2/5)
I omt phase shift
I bel ow 25 KHz for phase changes > 25 deg on squarewave
signal s
QUTPUT S ave; ": SOUR PHAS " &VAL$(PROUND(J, -1)) &' DEG'
NEXT J
END I F
I F Measure( 1) >355 AND Measure(2)<5 THEN Measure(1) =
Measur e( 1) - 360
I F Measure(2)>355 AND Measure(1)<5 THEN Measure(2) =
Measur e( 2) - 360
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282 Faul t =PROUND( (Measure(1l) Measure(2))/2,-1)
I thats the phase error

283 BEEP 200, .05 I MEASUREMENT DONE

284 End: CFF TI MEQUT

285 SUBEND

286 | ============

287 SUB Sc_get del ay( Frequency, Resol uti on, Degr ee, Count er, Tout ,

Measur e)
288 COFF TI MEQUT
289 |F Tout<32 THEN
290 ! if calibration needs |onger than 32.767 seconds, the
291 ! timeout conmmand can't be used to avoid a hang-up
292  ON TI MEQUT | NT( Count er/ 10000), Tout GOTO T_out
293 ELSE
294 Il ON TIME Tout QGOTO T_out
295 END IF
296 QUTPUT Counter;": MEASUREL: TI NTERVAL? 1, " &VAL$( Resol uti on)
297 ENTER Count er; Measur e
298 Measur e=( PROUND( Measur e* Fr equency* 360, - 1) Degree) MXD 360
299 T _out: CGFF TI MEQUT
300 !'!'CFF TIME

301 SUBEND
Part 4.
10 I E1440A Sel f-cal error-handling routine.
20 'Prints "self-cal CK' or, if thereis a fault, the
self-cal results.
30 1A timeout recovers systemcontrol if the EL440A fails
to respond.

40 CLEAR SCREEN

50 ASSI GN @g TO 71611

60 ABORT 7

70 CLEAR 7

80 CLEAR @9

90 !

100 Cal $=" 9"

110 !

120 !

130 QUTPUT @g; "*RST; : STATUS: PRESET; *CLS"

140 QUTPUT @g;":VALT 5V' ! This statement causes sel f-cal
150 ON TIMEQUT 7,3 QOTO Ti neout

160 QUTPUT @g;":CAL?" | Self-cal data requested
170 ENTER @g;Cal $ ! Self-cal data upl oaded

180 IF Cal $=" 0" THEN

190 PR NT "Sel f-cal ok"

200 ELSE

210 PRINT "Self-cal error ";Cal$;"see Manual p 5-9"
220 END | F

230 @QOro end

240 !

250 Tineout: PRINT "Ti meout, E1440A doesn't respond within normal self-cal time (
35s)"

260 !

270 End: LOCAL @9

280 !

290 END
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