Digital Sweep Generator

The digital sweep generator is based on the Dig_TX board. The DSP and its memory, as well as the
audio- and RF-ADCs remain unassembled. Signal synthesis is completely performed within the FPGA.
A miniMAX-40 module with a little hand-made logic on a prototype board controls the sweep generator.
The FPGA master clock frequency is 80 MHz.

A seventh order reconstruction filter is implemented at the RF-DAC output. With a 40 MHz Nyquist
frequency, the bandwidth design target for the sweep generator was 100 kHz ~ 30 MHz. The lower
frequency is limited by a transformer between the DAC and the LP filter, while the upper frequency is
limited by the filter roll-off.

The maximum usable frequency is that frequency below the Nyquist frequency (f, = fo/2; fa=master
clock frequency), at which the alias frequency f, = fu-f, (fa=alias frequency, f,=desired output
frequency) is still sufficiently attenuated. The term ,sufficiently” is application dependent and means
that the alias signal and its intermodulation products must not disturb the desired signal. Generally it is
a good idea to attenuate the alias signal to below the required signal-to-noise ratio of the DDS signal
generator. For the digital sweep generator, which shall be used for measurement applications, a
minimum SNR of 60 dB seems adequate. While that is not extremely good if compared to
commercially available sweep generators, it is sufficient for amateur measurements. In most cases,
the SNR is actually better than 70 dB.

In order to keep the passband ripple flat, so that a wide frequency range can be covered without
introducing artifical ripple due to the anti-aliasing filter response, a seventh order Butterworth lowpass
filter was initially considered and implemented. Its attenuation at 30 MHz was below 1 dB, but the
attenuation at the alias of 50 MHz was less than 30 dB. The filter has been designed for 50 input and
output impedance. The following table shows the calculated and the really selected capacitances and
inductivities. Also the number of windings on an Epcos (Siemens) double hole core type B62152 A8-
X17 (Ac=9nH/W?) for the inductivities are listed. Fractions are estimated values.

Seventh order Butterworth filter (-1dB at 30 MHz; -30dB at 58 MHz)

component | ideal value | real values turns
L1 300 nH 297 nH 53/4
L2 482 nH 410 nH 6 3/4
L3 300 nH 297 nH 53/4
C50 43 pF 44 pF -
C51 174 pF 165 pF -
C52 174 pF 165 pF -
C53 43 pF 44 pF -

Simulation results with real values:
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It turned out, that the attenuation of the alias frequency was not satisfactory. Either a higher order
Butterworth filter or a change of the filter topology to a much steeper Chebychev filter of the same
seventh order was required. A higher order Butterworth filter will be considered for a future redesign,
but for the existing board, it was more convenient to implement a Chebychev filter.

The goal was to find a compromise between the passband ripple and a steep filter transition. The
following table shows the calculated and the really chosen values for a 7™ order Chebychev filter with
0.5 dB passband ripple up to 30 MHz and almost 60 dB attenuation at 50 MHz.

Seventh order Chebychev filter (-0.5 dB at 30 MHz; -60 dB at 50 MHz)

component ideal value real values turns
L1 334 nH 350 nH 7
L2 357 nH 375 nH 71/4
L3 334 nH 350 nH 7
C50 184 pF 183 pF (150//33) -
C51 280 pF 288 pF (220//68) -
C52 280 pF 288 pF (220//68) -
C53 184 pF 183 pF (150//33) -

(real value means calculated, not measured!)

Simulation results with real values:
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Due to the unprecise realisation with the real values, the attenuation of 0.5 dB is already reached at
about 29 MHz.

The following diagram shows the passband ripple of the Chebychev filter.
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miniMAX-40 LCA Pinout

Pin Description XC XC XC Signal connector
3020 | 3030 | 3042

1 DOUT-I/O DOUT J1-59

2 CCLK CCLK J1-61

3 VCC VCC J1-1

4 GND GND 63,64

5 A0--1/0 NIOWR J2-32

6 A1-CS2-1/0 CSLCA -

7 I/0 - -

8 A2-1/0 NIORD J2-31

9 A3-I/O0 Taster U/D (In) J1-44
10 I/O Taster L/R (In) J1-43
11 I/O Drehgeber B (In) J1-41
12 A15-1/0 A15 J2-18
13 A4-1/0 1024 J1-40
14 A14-1/0 A14 J2-17
15 A5-1/0 1023 J1-39
16 GND GND 63,64
17 A13-1/0 A13 J2-16
18 AB-1/0 SER_SPARE J1-38
19 A12-1/0 A12 J2-15
20 A7-1/0 SERADR (Out) J1-37
21 I/0 BSO J2-52
22 I/O SERDATA (Out) J1-36
23 A11-1/0 A11 J2-14
24 A8-1/0 SERCLK (Out) J1-35
25 A10-1/0 A10 J2-13
26 A9-1/0 -5V clock (Out) J1-33
27 VCC VCC J1-1
28 GND GND 63,64
29 VCC J1-1
30 TCLKIN-I/O CLKOUT J2-47
31 I/O 1016 J1-32
32 I/0 1013 J1-29
33 I/O 1014 J1-30
34 1/0 LCD_E (Out) J1-27
35 I/0 1012 J1-28
36 I/O LCD_RS (Out) J1-25
37 I/0 LCD_R/W (Out) J1-26
38 I/O LCD_DB6 (1/0) J1-23
39 I/O LCD_DB7 (1/0) J1-24
40 I/0 LCD_DB4 (1/0) J1-21
41 VCC VCC J1-1
42 I/0 LCD_DBS5 (1/0) J1-22
43 I/0 LCD_DB2 (1/0) J1-19
44 I/O LCD_DB3 (1/0) J1-20
45 I/0 LCD_DBO (I/0) J1-17




46 I/O NMRD J2-29
47 I/O NMWR J2-30
48 I/1O SELECT J1-58
49 I/O LCD_DB1 (1/0) J1-18
50 I/O TOUT1 J2-48
51 I/0 STDP -
52 M1- GND 63,64
53 GND GND 63,64
54 MO-RT VCC J1-1
55 VCC VCC J1-1
56 M2-1/0 VCC J1-1
57 HDC-1/O 1015 J1-31
58 I/O LCD Backlight PWM (Out) J1-34
59 -I/0 SSN -
60 I/0 A16PS0 -
61 I/0 A17PS1 -
62 I/0 A18PS2 -
63 I/0 A19PS3 -
64 I/O Drehgeber A (In) J1-42
65 -I/0 NINIT -
66 GND GND 63,64
67 I/O HLDAK J2-46
68 I/0 HLDRQ J2-45
69 I/O INTP3 J2-58
70 I/1O INTP2 J2-57
71 I/O INTP1 J2-56
72 I/0 DMARQO J2-36
73 I/O NDMAAKO J2-37
74 I/O DMARQ1 J2-38
75 I/O NDMAAK1 J2-39
76 XTAL2-1/0 D6 (Wobbel-PA) J1-45
77 GND GND 63,64
78 NRESET J1-57
79 VCC VCC J1-1
80 DONE- DONEPG J1-62
81 D7-1/0 AD7 J2-10
82 | BCLKIN-XTAL1- BCLKIN J1-56
I/0

83 D6-1/0 AD6 J2-9
84 I/O D12 (Wobbel-PA) J1-46
85 I/O D24 (Wobbel-PA) J1-47
86 I/O ASTB J2-28
87 D5-1/0 AD5 J2-8
88 -I/O0 A8 J2-11
89 D4-1/0 AD4 J2-7
90 I/O BUFRW J2-34
91 VCC VCC J1-1
92 D3-1/0 AD3 J2-6
93 -I/0 A9 J2-12




94 D2-1/0 AD2 J2-5
95 I/0 D48 (Wobbel-PA) J1-48
96 I/0 BS1 J2-53
97 I/0 BS2 J2-54
98 D1-1/0 AD1 J2-4
99 -/RDY-1/O NBUSY -
100 DO-DIN-I/O ADO J2-3




Folgende Register sind im XC3030 FPGA auf dem MiniMax-40 Board definiert und an der jeweils
angegebenen I/0O-Adresse vom V40HL aus ansprechbar:

0x7000 LCD Data Register
7 6 5 4 3 2 1 0
LCD_DB7 LCD DB6 LCD_DB5 LCD DB4 LCD_DB3 LCD DB2 LCD_DB1 LCD_DBO
R/W R/W R/W R/W R/W RW RW R/W

Data to be written to or read from LCD. The direction is switched by LCD Data Direction Register.

0x7001 LCD Control Register
7 6 5 4 3 2 1 0
- - - - - E R/W RS
- - - - - w w w
LCD control signals.
0x7002 LCD Backlight
7 6 5 4 3 2 1 0
- - - - B3 B2 B1 BO
- - - - w w w w
Brightness of LCD backlight. B[3..0] = 0000: Backlight off; B[3..0] = 1111: Backlight max
0x7003 Keyboard Input
7 6 5 4 3 2 1 0
- - - - Taste UID Taste L/IR Drehgbr B | Drehgbr A
- - - - R R R R

Inputs the logical levels of the keys on the front panel. An interrupt is generated when these values

change.

0x7004 LCD Data Direction Register
7 6 5 4 3 2 1 0
- - - - - - - DIR

DIR=0: LCD port is input; DIR=1: LCD port is output;




0x7005

Serial Output Buffer

7 6 5 4 3 2 1 0
SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
w w w w w w w w
Data to be sent via serial port
0x7006 Serial Control/Status Register
7 6 5 4 3 2 1 0
TXBE - - - - - SPARE SERADR
R - - - - - R/W R/W

Data may be written to the serial output buffer, when TXBE is high. SERADR outputs the serial
address. The receiver latches the data when SERADR changes its level. SPARE is currently unused.

0x7007
7 6 5 4 3 2 1 0
- - - - D48 D24 D12 D6
- - - - w w w w

Port4 controls the attenuation of the resistor ladder inside the PA. This ladder consists of four resistor
stages with 6, 12, 24 and 48dB attenuation. The attenuation is inserted by a relay, when the respective
bit in the Port4 output register is set.



WOBBELTX

1 TCK 31 61 GPIO6 91 CLK, CLK_SPX

2 CONF_DONE 32 GNDINT 62 GPIO5 92 IN

3 nCEO 33 DSPCLK 63 GPIO4 93 GNDINT

4 TDO 34 64 GPIO3 94

5 VCCINT 35 65 GPIO2 95

6 36 66 GPIO1 96 VCCINT

7 37| VCCINT 67 GPIO0 97

8 38 68 DAC_DO 98

9 39 69 GNDINT 99

10 GNDINT 40 70 DAC D1 100

11 CLKUSR 41 71 DAC D2 101

12 42 GNDINT 72 DAC D3 102

13 43 73 DAC_D4 103

14 44 74| DAC D5 104 GNDINT

15 45 75 DAC_D6 105

16 VCCINT 46| SERCLK 76| DAC D7 106 ADC_CLK

17 WAITB 47 VCCINT 77 VCOINT 107

18 BSTBB 48/ SERDATA 78 DAC_DS8 108 ADC_D11

19 RDB 49/ SERADR 79 DAC D9 109 ADC_D10

20 WRB 50 SER_SPARE 80 DAC D10 110 ADC_D9

2] GRDINT o2l ONDINT 21 DAC_ D11 112 VGOINT

23 RDYnBSY 53 GPIO10 52 DAC_D12 113 ADC_D7

24 54 Trigger out 53 DAC_D13 114 ADC_D6

25 55 Marker out 84 DAC_CLK 115 ADC_D5
85 GNDINT —

26 INIT_DONE 56 GPIO7 36 116 ADC_D4

27 VCCINT 57 VCCINT 57 P2 117 ADC_D3

22 58 TMS a3l p3 118 ADC_D2

30 gg ISR'?;TUS 89, _VCGINT 1;3 :32 g;
90 IN, RESETB =




WOBBELTX

121 nCONFIG 151 D4 181 DATA1 211 CLK, CLK
122 VCCINT 152 D5 182 DATAZ2 212 IN, P1
123 MSEL1 153 D6 183 DATA3 213 DEV_OE
124 MSELO 154 D7 184 214 A10
125 GNDINT 155/ GNDINT 185 DATA4 215 A11
126 156 D8 186 DATAS 216 GNDINT
127 157 D9 187 217 A12
128 158 D10 188 DATAG 218 A13
129 159 D11 189 VCCINT 219 A14
130, VCCINT 160 VCCINT 190 DATA7 220

131 161 D12 191/ SPARE3 221

132 162 D13 192 SPARE2 299

133 163 D14 193 SPARE1 293

134 164 D15 194 AA15 224/ VCCINT
135 GNDINT 165 GNDINT 195 AA14 225 INTB1
136 166 196) AA13 226 INTB2
137, AUDCLK 167 197 GNDINT 227 INTB3
138/ ESY 168 198 A0 228 INTB4
139 169 199 A1 229

140 VCCINT 170 VCCINT 200 A2 230

141 171 201 A3 231

142 SCK 172 202 A4 232 GNDINT
143 AIDATA 173 203 A5 233

144 174 204 A6 234

145 GNDINT 175 205 VCCINT 235

146 DO 176 GNDINT 206 A7 236 nRS
147 D1 177 TDI 207 A8 237

148 D2 178 nCE 208 A9 238 nWS
149 D3 179 DCLK 209 DEV_CLRn 239 CS
150/ VCCINT 180/ DATAO 210 IN, PO 240 nCS




Schematics

WOBBELTX



5 7 3 5 E3 3 = T
u
oA +—ovccas
g:; 74LVC32 FPGA
DA3 IMS 1
DA4 —2 —AMJJ_DAHA 0] DAC_DI[13..0] ._EAme_
DAS ’ DI, 3 DA 1K
oAS 13 LSO gops g bAC_cLk p—RAC C
v = DA7 TCK 5 Al
oAB 13 —AUSI3 g aans 13 Abc Do) @ADLl
DA9 TICE 7 ADC CLK
—epo
veges o B R17 Ri8 S @ P(3.0] ApC_cLk B
i B a7 a7 % ik spx
3 DA13
8x10K u Conzxs bspetk
vceas A0 DO 4 DO — — RDB
P 2 [oer oo
Az b2 oz [ bug | wme
A3 03 03 w — —
Moo E A connector warre
for debuggin
P 06 o6 99ing
A7 D7 D7 — BSTBB.
A8 D8 D8 ura
n s ] o 74Lvca JNTYG 750 | R S
Alo D10
Set Baot 1 ST ERAT —SPARERIL g cpare(s.a)
Mode 2 A12 D12 1
AA A3 b 74LvC32_|a RESETB
AMLL Als D14 3
i
AAIS. A15 D15
) FPGASCH
1[1(2(a]a]a]2| 52 vecas o—2 1 WE  veo 4
B
see BooT 3 ] o s e
_SELBBOOT 3 dzE oo
—RDB_____ 22 45  GND
WAIT
ATZOLVI0ZA) ure
BSTE o1 [— _ 74LVC14
BOOT ROM Hotpno cLk_sPx
FIOLDAR
T f 0 0
o H i i i
Pl TS
[ veess P NTS b —TiNths 6 s e 9 10 u 1w 13
3
DSP Boot mode 1 | mesers
m RESE ure uro ure urE
5 7aivcia 7avcia 7atvcia 7atvcia
vegss vegas vecss voo ono 184
R20 VDD GND —55—4 P3 4
warts a0 veo SND 50 BN BN
— veo e 3
VoD Sho 22—
11 veo ono 15 vegas
33K von v ¢ [
VDD GND 96 1 BIN BN
v Sho [25—
i ez lea les e co v les oo e
TGO pave Toave oave Toawe Toawr Toawe Toawr Toawr Tour Tour
- WAXTORT LS ‘
PO and P select the boot mode.
cpy 200ms delay P7
RESET P2 indicates that DSP
il e 0L v o aven
. P must b feset to 0V by o1 P 22 c2s cz0
Software n order o indicate
that the boot sequence has 0.1uF 0.1uF 0.1uF 0.1uF
finshed
2 x10:20 Wdg auf
veeso u17 Doppellochkem
" —1 com F1 ? LT1117CST-3.3 A7-X1 (AL=140nH)
+5V 2 ’ ’ [e) 2 VCC33 T3 R16
oND J 1 TRST.25AT &° 270 us
[ Power cas 7 ¢ po
owe 0a cas .+ car T oo I S &8
zvs6 8 AN D2 C D2
Place this text o1 Tarourto | |10uFT63 To0uFTa L4 03 03
close 1o connector Ris c17 o3 Cpi
at the respecive Apc cik T2 5 | encooe 22 b5
s cpe
10 o1uF ENcoDE Dy [32_ADC Dl
£
Dg 222
8 VREF D9 42
L1 43
10 Dbio a7
VCC50 VCC33 c1 bI1
ono  Avee [ oo
GND  Avee 2
3 sut Doppellochkern AB-X17 e AvecHs
S 0
510 wdg aut oNo  Avee 58
Boppellocikerm 634 wag 534 wag ane
Ris  ATXLALL40NH) 2 s Ry vecss
GND  pvee
bac 1 [ 2 ) it cu Jos i gno  ovee 155
_ 08B0 10UTA GND  Dvee
BDAS o8t 2 | ot oauF [ionF | ionF GNp  pvee (59
p DBz IouTe GNo  bvee
—DAc T 592 TP T7ap
—Bac D83 a0y L18 bUCTT AD6630
DAC T
p oBs B
—Bac 10 Grenzirequenz: 36 MHz
e gss  cowe Note: R13 and R1d are
—Bac D87 omps L2 Usually not populated
DAC 088
BAC D10 17
—Bac b0 osl0  ReFio 50 una Cs3: o 262205 parate
DAC D17 OBl eee |15 o3 cu ciz C31 und Ca2: 6 2x330pF n Serie
BAC D15 oe12 s =<
0.1uF oawF  [oauF
DAC CLK 28 CLOCK AvDD |24 AVDD
26 DCOM ovop |27 VCC50
ﬁ ACOM REFLO |18
ADo7ER
v Michael Kraemer
Michael Kraemer
Edenkobener Weg 24
404229 Duesseldort
German
Tiie
Digital Transmitter
Size [Document Namber REV
2 DIG_TX.SCH 1
Dater— January 1.7002 Fheet 1 of
i) 7 [ 5 a 3 2 I 1




7 % 5 7 3 7 T
U2
108
) DAC_DO
D[I5.01 DLlIz.0) 199 1 a1 DAC D1 | L
200 | 2 DAC D2
201 ] a3 DAC D3
202 | ns DAC D4
208 | a5 DAC DS
200 ] ne DAC DB |2
Y 206 | a7 DAC D7 [
200 1 hs DAC DB | L
208 | a9 DAC D9
s 2111 2o RGBT L
1 215 ] a1 DAC_D11
2 210 ] 12 DAC D12 |8
A13 DAC_D13
73 210 | A1
84
146 DAC_CLK {DAC CIK
Do
a7 20 Apc_po 120 AD
145 D1 ADC-DY 19 —AD!
T D1 175 —an
D3 ADC_D2 218
151 23 ADC-D2 17— AD«
157 D3 76— aD
D5 ADC_Da [218
155 B 115 AD
5 ADC D5 |15
T5a DS 74— an
o7 ADC_D6 232
156 B, 113 AD
8 ADC D7
157 D7 I AD
Do ADCDs [
155 09, ADC-D8 10 —AD!
159 500 [109 _ADC D10
101 Q1 ADC-DI0 o5 —apc D11
D12 ADC D11
Toz A
182 | p13
183 | p1a ADC_CLK
D15
AALS
ROB AAL
WRB AA1S
BSTEB
R i ym— WAITE PO
P1
INTB1 P2 PAREE. SPARE[ZIL
INTB2 P3
INTB3
INTB4 SPAREL vegso
SPARE2
veeso o CLK_SPX SPARE3
BSPCLK 22 pspeik GPI0O
o1 Gpio1
cLk Gpio2
GPio3
RESETE RESETB 90 g geseTs GPioa
B GPios
veess »2q TEo Grios
R37 raa |ras |ras ghot
1ok K[ []aK Ghios
GPI010
vegss GPIO11
27 e 31 180 ghio12
vee DATA EDATO DATAO GPIO13
231 vep pek F2—1 DCLic I ! 1% ] peLk GPio1a
A STATUSE | I 60
oF STATUS GPIO1S
17| vppseL csple—1 O—23NEss : 2 ConE Done
E] 1o T CONFIGE To1 n 143 AIDATA
VCCSEL TNITC CONFIG | ADATA |43
15 SCK 38 Fsy conax10
5o cAsC veeas F
AvDey |37 AUDEIK
12 6np o P veess
TcK
EPez 120 | wsero Tws [5
123 | vseL1 100 A
cE TRST [29 %
J6 7 DIGTXI0K100
peLk TeK
1 2 1 2
DONE Too
CoNFGB | & & [ ovee® s ]2 o o] ovVee®
STATUSE
FDATO FO S ol fiYian [ O el
s 10 o 10
CoNZXs CoNZXs
— — —
FLEX epcz
Download Programming
Cable J Cable
_ —
= =3
100p 00
AVDD R27 Rr28 Rr30
R25 = a— — I —1
. 8K 8K 30K
R2a 220
la
i 1w 10D 150 caz I
Mikrofon k2 uioc R29 14 cem M| LET ANL SDATA |L__ AIDATA
=) 8 13 f T | AR S2aTk Z—scx
Lm837 0.1uF  0.1uF LM837 }_1 AVDD VA+  LRCK |32
cas s dRes 39 |azurTi0 4K7 - 470FT10 i - 150 ca3 cao _|car AoND Mok |4
¢ cas ) Rr31 1 0.47uF
27K 3 Ton Jton
10uFT10 0.1uF
o & spare
Analog in
o
u1oa
1 NEC Electronics (Europe) GmbH
Lmea7 Michael Kraemer
1 Oberrather Strasse 4
D40472 Duesseldorf
Germany
Tile
PILO Audio 1
Size [Document Number REV
a2 PILOAUDL.SCH 1
Date:— January 1.2002 [Shest 2 of 2
£ 7 3 5 7 3 7 T 1




Schematics

Wobbel-FPGA



MAX+plus 11 9.3 File: TOP.GDF Date: 01/01/2002 13:52:53 Page: 1

QUIPUT P Blank
P :
serial-in phase_accu £ Trigger
SERDATA [—teur— TSFRDATA DATA[3L..0]—DATAR1 0] DATA[3L.0] ptoa outputwtagm
SERADDR [—Meul— 1 SERADDR SFRQ SFRQ PHASE[27..0] PHASE[27..0] SIN[13.0] SIN[13.0]  AMPLI13. 0] —————————QUII —F— DAC_D[13.0]
[T = S — =T SWING SWING BLANK |— | Sk leik SIN_N[13.0] SIN_N[13.0] DAC_CLKjQUIBUT_—— pac ik
—SRESETSB L qpeseTse MARK] MARKL TRIGG DPHASE[17..0] DPHASE[17..0] -
—CKS ______1oiks MARK MARK2 oLk
—AMPLITUDE _{ AMPLITUDE TP TPS CLK t CLKS
sPq spc CLKs SRESETSB DATA[3L. | —LRATABL.OL
ToEY TDEL SRESETSB SRESETB AMPLITUDE—AMPLITUDE
TTIvg TTIME SRESETE
MT MTS
SRESETE | spesETB
—SRESFTSB | SRESETSB
Gk lak
_CLkS  lciks

RESETB [O—Weur

AND2 AND3

RESETR

ClK  —eur

GLRBAL

CLKS

Slow Clock
(currently CLK/16)




MAX+plus 11 9.3 File: SERIAL-IN.GDF Date: 01/01/2002 13:53:27 Page: 1

ANDS

Al0] le>c
Al "No. Adr=0: Start Frequency Register
Al2] i NU!>°
Al3) "No. J—SERQ ——ouen ) grro
Al4] Ll Nobc
RXD
LPM SHIFTREG
ANDS
SRESETSB [—Reut SRESETSB sset | | Adr=1: Swing Frequency Register
SERDATA [CO—uiall shiftin SWING
al DATABLOL ey pyra g U—W:} SWING
N orz —]
enable
ANDS
Adr=2: Marker 1 Frequency Register
WD MARKL
vee
oFF ANDS

SERCLK  [CD—meuL
ClLks [CO—weur

Adr=3: Marker 2 Frequency Register

Rising edge on SERCLK MARK2 OUTPUT MARK2

CLRN

Adr=4: Amplitude Register

AND2 y——AMPLITUDE _owes £ AvpLITUDE

Rising edge on SERADDR ANDB

IS 3
o E

OF

SERADDR [—eut

CLRN CLRN

Adr=5: Time Per Sample Register

3
3
2|

TPS OUTPUT TPS

AND2

RXD

Adr=6: Samples Per Cycle Register

Falling edge on SERADDR SPC spC

Adr=7: Trigger Delay Register

) TDEL QUTPUT =% Tpg|

LPM DFF

DATA[7..0]]

datal] Al7.0

atl

enable

Adr=8: Trigger Time Register

sclr }— TTME  ouer p— TTIME

Adr=9: Marker Time Register

MTS OUTPUT

MTS




MAX+plus 11 9.3 File: PHASE_ACCU.GDF Date: 01/01/2002 13:53:59 Page: 1

Marker Time
LPM _FF.
—]sset
DATA[7.0]
YR~ St onz T—1 | MTZ.0
Time Per Sample
-
DATA[7.0]
- al—vresro
L —
Ve 1
Samples Per Cycle LPM _FF
LPM _FF LPM_COMPARE
— sset =
et OATAPLO] [NV DATAGSLO o
" oazzol 1. - ore oz
DATALLO) o
— v MARKL et MARK1 > @ datab]
spC INPUT b 8count
F:> s oN o
L O Q
T
T Dek Marker 2 T re Qf
Tigge Doy LM EE T a
PM_COMPARE JEVITETI— D o
] sset e LI S o
- T e B s
DATA[7.0] DATA27. 0] datal] —— dataal] Wﬂ_ G Q
- ] al—vmero = MARK? _©% a datab] [T o
TDEL L MARK2 ‘enable . aN
cm onuP
d
q
Tigger Time
e T St Frequency cux
LM _EE L rovcoumer
sset sset
DATA[7.0] = BLANK
— - e DATA[27.0] datal]
™we SrRg o ol
l—L./ SR = enabie
ClLks  [Cosi————t Sweep Frequency SFREQ[27.0]
LPM FF e O
LPM _ADD SUB i
et 3! LPM FF. LPM FFE
LPM FF
DATA[27.0]
oR2 dataal|
SWING [t o dotal) I P LPM FF
B a
datay) I . ]
] o sl
PHASER7.0
a 2.9 £ PHASEL7.0]
sreseTse ot s
sar
ACTVE
e
SReseTs
M cikspv
”‘bo_l_D—“““—D Trger
e stiwe
CLKsD ACTIVE
e
Freq. teps percyce deadtime ater cyce
78125kHz < stepe per oyl ok Triggertime
8count 8count 8count 8count
on o Lol Ton oniz = [0 ons Ton o
A o VTPS[0] a VsPClo] A vioeo] 4 oA | A o
Vipsiy VPl VToEL
B QB —aesll 1y QB —1t s B o 8 Qff
. o MIPSE2 s o VSPCP c p vroedel— P o p
o) —  _viesis) VsPC[3) VTDEL3] . | ol
o Q o o o Q o Q
H e VTPS[4] e e VSPC[4] £ VTDEL[4] e o | e o
Vipsis Vspcis \TOELS
F * iz A % VspcH : — i © i : &
Vies | G on / Vsperrl e voer] ¢ o [ o
o on oN  cou [ o cn on
DNUP DNUP CLKTM T DNUP . =] DNUP DNUP
o £ q o
9 0| — 9
cuks i . -2 ax n=2-
UP/DN COUNTER UP/DN COUNTER UP/DN COUNTER UP/DN COUNTER b=n*128us UP/DN COUNTER T=n*128us
1D=254-2768us =254~ 27680
Al fequendes assume an 80 MHz masier dock Time perre-siep
CLKS assumed to be CLI/16 n
. 4count
w=n 1280 Ul =
o 5.4~ 32768 us VSPC[8] A
vsPClo) B o—1
VSPCi10] c o
ors vspelil o &
on
- onee
d
d
L 1o
COUNTER
s=2-40%




MAX+plus 11 9.3 File: P_TO_A.GDF Date: 01/01/2002 13:54:33 Page: 1

LPM ADD SUB

LPM_CONSTANT

-) result]]

LPM ADD SUB

LPM DFF

CLK

— data[]

qll HW[12..0]

LPM_CONSTANT
result[]

LPM_CONSTANT

(cvalue)

LPM_CONSTANT
(ovalue) resultf] dataall|
PPHASEI[25..18] . databl]
dtrm
]
CLK

[CE) result]]

LPM ADD SUB - HW13
LPM DFF
BUSMUX
HW[13..0] dataal]

data[]
databl[]

| SIN[13.0]_

LPM_CONSTANT

result[]

(cvalue)

LPM ROM
address]
inclock
outclock

afl

PPHASEI26

CLRN

PPHASEI25
PPHASEI24

PPHASEI22
PPHASEI21
PPHASE20
PPHASEI19
PPHASEI18

LPM ADD SUB LPM DEE

LPM_CONSTANT

(value) result]]

RN13,HWN[12..0]

LPM ROM
IP[7.0 address[] R13HW[12.0
— inclock
CLK outclock ol
IS R13
oo
PPHASE6 L‘“-M—: SIN[13..0]
NoRs
PHASE[27.0] [——ews PHASE[R7.0) PPHASE25 ;T;
PPHASE24
CLK E——
ck o—wes—=——o PPHASE23 NAND? oFF
PPHASE22 PPHASE27 PRY ]
LPM DFE PPHASE21 CLK
—PPHASF20 |
PPHASE19 CLaN
PPHASE18
__PHASE[27.0] |
PHASE[27.0 data(] PPHASE[27..0
CLK all
Previous phase
o dif1e dir1e d1718 dfri1e da1ri18
PHASE[17..0 I I ] il v -] i[> = i[> -]
— [ - -] e [ > -] m—s my[>- =] =i m[+> =1 —— [ =1 QUTPUT DPHASE[17..0]
LPM_ADD SUB LPM _DFF ik Delayed Phase (sync. to SIN)
LPM_CONSTANT
) result]] dataa[] datal] a PPHASEI7. 18 LPM DFF
PHASE[27..18] datab] Previous phase + 1
— data[] HWN[12..0
CLK al 1

dataf]

RN13

SIN_N[13..0]

I&D SIN_N[13..0]

PPHASEI27 PRN

CLK

CLRN




MAX+plus 11 9.3 File: OUTPUT_STAGE.GDF Date: 01/01/2002 13:55:06 Page: 1

LPM ADD SUB

ISIN[13..0

SIN N[13.0] dataal]
DSIN[13.0]
SIN[13..0] datab[]
LPM_DFF
SIN_N-SIN does never exceed 6 bits plus sign
for a 14-bit wide and 1024 word sine LPM MULT LPM DFF
clock
_DSIN[6..0] data] an DEX[6..0] dataal
result]] DELTA[13.0] DELTA[12.6] datal] DAG.O
datab]] CLK qp —LAL0L
1]
1]
L _LOW.O DP[5.0] LPM_ADD_SUB
LPM DFF always positive
LPM DFF
DAG.DAB.DAB DAG.DAG,DAG,DAB DA6..0] dataal]
DPHASEJ17..12] data[] 0 DPI5.0 carry propagation
CLK o |—C-LRE.0 d
ata[]
ok a0
1]
1]
LPM DFF LPM DFF LPM DFF LPM DFF
vee
DATA[31.0] [CO—®&—
wi
HIGH
SIN[13..0] data[] data[] data[] data[] o—eur
o — ] o — ] o — ] al SINGS.0)
1 WIRE
DPHASE[17.0] E—8&— LOW
SIN_N[13.0] [CO—uwewr—
1] 1 1 1] GNp
LPM FE LPM_DEE
SRESETSB [—)—leur  SRESETSB Nfbn sset
LPM MULT LPM DFF
DATA[9.0] clock
data[] —
— dat
AMPLITUDE L e aa el an ol
enable resultlll  RES[23.0] RES[23.10]
dataf] outeur_p—y
ISIN[13..0] datab| an AMPL13.0]
M atal
Clks [Co—meul CLKS 1 ir sine
SRESETB [——l———q scir
1
oK ot K N°li>c QTR pac ciK




Schematics

MiniMAX-FPGA



use
vce u1 u43
+5 uss A8 (AE ]
il IBUF A8
u26 u10 u3o0 u22 DECODER NBUSY P88
ADO Doo ADA DO4 <
DI[0..7] Al0..15] OPAD ua4
P100,FAST OBUFZ P89,FAST OBUFZ  DI[0..7] Al0.15] & OBUF P99 no Y2 (AT
DO[0..7] DO[0..71 NIORD NIORD NBUSY |BUF
0 DIO 0 DI4 @po0.7] < P93
NDE NIOWR @—NIOWR _ uas
u3
BS[0..2] q-Bs0.2 A10 ALO
Do AD 0o A4 IBUF P25
CPUCLK CPUCLK
L L
U69 u46
U1l u23
INLAT INLAT u73 a11 Y4 ALL
3 NDE > IBUF P23
u27 u12 l; us1 u24/l>/ NOD IPAD
DL DO1 ADS DO5 SELECT XCLK IBUF a1p US ua7
POB.FAST OBUFZ P87,FAST OBUFZ IBUF —ry
DECODER.SCH P19
0 DI1 0 DIS u70
u71 Us u4as
e IBUF e
D o Al 0 o A5 u6s5 IPAD P17
uU66 ‘ STDP IBUF
u49
= = L a1a Y7
u13 u2s ‘ Ald
INLAT INLAT IPAD IBUF
\ . CPUCLK GCLK P14
u28 u14 l; u32 U20 J;; us4 us Us0
ADZ DO2 ADS DO6 ‘ Al5 (ATS ]
P94,FAST OBUFZ P83,FAST OBUFZ ‘ IBUF P12
0 DI2 0 DI6 INV Us1 Us3
NIORD —
IBUF Pa
o o A2 IS I A6 ue7 EISZRD
3 3 NowR =2 —
u1s u21 Detect HALT mode \BUF
! AL p5
INLAT INLAT This logic will keep
3 9 CE of the Flash EEPROM ACLK NIOWR
high during HALT mode
u29 U6 us3 uis in order to reduce the 0 L
AD3 DO3 AD7 DO7 power consumption. Uso
P92,FAST OBUFZ P81,FAST OBUFZ us7
0 0 ueL 8so o o Ja—
DI3 DI7 INLAT
C ] ASTB P21
u72 BSO
0 o A3 b o A7 .
D Q L
L L
U60
u17 u19
INLAT INLAT FD us8
— e o —
INLAT Po6
HALT 5
0 PSO 0 PS2 / BS1
IDLE
U39 ua1 NAND2B2 u79 \\ 0 L
Ale Als u78
A16 — D 0 A18 — D 0 AND3 Us1
P60 P62 us6
- - Bs2 —
u3ss s us7 5 0
INLAT INLAT AND2
oR> INLAT | Po7
BS2
uso u7e
0 PS1 0 PS3 u63
vce
b Q +5 u62
u40 u42 ‘ ue4
ATT 0 o Al7 ATS o o A19 AND2 NINIT Y
P61 N F1 P63 N ¢ L1 us2 OPAD
c OR2 OBUF P65
U36 |NLAT e US8 |NLaT s FD NINIT
uss ues
Michael Kraemer
u34 %0 u74 Michael Kraemer
‘ Edenkobener Weg 24
ASTB ASTE > SELECT AND3BT D40229 Duesseldorf
P86 ‘ SELECT Germany
IBUF P48,FAST OBUFZ Size |Document Number REV
|PARTTYPE=3030PQ100-70 A3 1
Date: [Sheet 1 of 7

4 [ 3

November 29, 1999
2




7 3 5 ] 4 3 T
Port0
[DIf0..71 DI0.7] —PDI0.7]
Al0..19 A0.19 NIORD
[NIOWR NIOWR NIOWR Do[.7] B DO[0.7 DO[0..7
NIORD U9l SELPORTO
[NIORD u9e =0
Uso A0 = SELDDRO CPUCLK CPUCLK ]
ESO NAND2B1 Al } PORTO.SCH
BST
T NDE — A2 J AND4B3 Portl
ug7 =1 DI[0..7]
A4 - NIOWR
/0 access Uoa
U920 A5 AL
ﬁ 200x SELPORT1
A2
55 / AND4B2 PORTL.SCH
[ U108 -
NOR2 AND5B2 x=6 Port2
A2
A6 >—pD|[0..7] Do[0.7]
AL
A7 u9s
NIOWR CPUCLK
_A0  JAND4B1
A8 NIORD
U107 - CLK_DB Bf—
A9 x=5 SELP23
A10 AND5BS5 - N\
A2 SELP22
ALl AL — SELP21
a5 U105 _ Al JAND4B1
Ao Uss s PORT2.SCH
a1 Port3
A13
Ala ANDS5B2 —A0 NIORD DO[0.7] B
—A2____d AND4B2 SELPORT3 CPUCLK
U99 3 cLk_pB @—
A0
PORT3.SCH
AL
Port4
A2
—A2____g5 AND4B1
N—p0i0.7]
U100 -
x=4
a2 ﬂ NIOWR
AL SELPORT4
U103 —
[SEECT } AQ ANDAB2 PORT4.SCH
INV
U251 y=7
AQ
AL
A2 AND4 u92
U101 OBUFT uss
e H) Q SSNO <]
OPAD
SSNI P59
u104 NIOWR c u93 SSN
A0 \ ce IBUF
AL /
FDC
A2 DOO
AND4 U102 on
TBUF
NIORD
NAND2B1 Michael Kraemer
U106 Michael Kraemer
DIl D Q NOD ~Nop Edenkobener Weg 24
D40229 Duesseldorf
xu2 Germany
c DO1 Title
Decoder
CE TBUF _
Size |Document Number REV
Fbc A3 DECODER.SCH 1
Date: December 31, 2001 [Sheet 2 of 7
8 7 3 I 5 4 3 2 I T




6 2 1
DO[0..7
U109
DIO PO00 (l
DI1 00 82 POO01 PI00 XU3 poo
Di2 D2 02 PO02 TBOO ‘ U135 ‘ U142
DI3 D3 O3 PO03 DDIR DDIR
Dl4. Di o4 PO04 ‘ U111 ‘ U119
DI5 D5 05 PO05 INV OBUFZ u127 INV OBUFZ U132
DI6 PO06 PO00 PO04
DI7 B? 83 PO07 PI01 XVU4 po1 Q00 Q04
TBO1
NIOWR
[NIOWR c CE J 0 0
RD8C
Plo2 ]K XU5  poo INLAT INLAT
U110 TBOZ2 PI00 0 gl PI04. 0 ol
[SELPORTO
— NIORD J J CPUCLK ]
XU6 U112 U120
NAND2B1 PI03 DO3
U136 U141
U143 TBO3 DDIR ‘ DDIR ‘
DIO D DDIR ‘ U113 ‘ U121
\l\ INV OBUFZ U128 INV OBUFZ U131
POO1 PO05
Xu7 Q01 Q05
Pl04 DO4
c TBO4
0 0
SELDDRO CE [
FDC
PI0S XU8 pos INLAT INLAT
TBO5 PI01 0 @ PI05. 0 ols
[ J J
1 U114 U122
PI06 XU9 pos
U137 U140
TBO® DDIR ‘ DDIR ‘
‘ U115 ‘ U123
INV OBUFZ U129 INV OBUFZ U130
o107 XU10 5o POO02 02 PO06 006
TBO7
0 0
INLAT INLAT
PI02 0 ol Pl06 0 o L
J J
U116 U124
‘ U138 ‘ U139
DDIR DDIR
‘ U117 ‘ u12s
INV OBUFZ U134 INV OBUFZ U133
PO03 003 POO07 o07
0 0
INLAT INLAT
PI03 0 o Pl07 0 ole
J J
U118 U126
Michael Kraemer
Michael Kraemer
Edenkobener Weg 24
D40229 Duesseldorf
Germany
Title
Port 0
Size |Document Number REV
A3 PORTO.SCH 1
Date: December 19, 1999 ‘ [Sheet 3 of 7
6 2 T




PO10

U145

U146

PO11

OBUF

u147

OPAD
,SLOW

U153

PO12

OBUF

u148

OPAD
,SLOW

U154

[NIOWR NIOWR c cE
RD8C
SELPORTL

OBUF

U149

OPAD
,SLOW

U155

OBUF

U150

OPAD
,SLOW

U156

OBUF
U151

OPAD
,SLOW

U157

OBUF
U152

OPAD
,SLOW

U158

OBUF

<{Q16

OPAD
,SLOW

Michael Kraemer

Michael Kraemer
Edenkobener Weg 24
D40229 Duesseldorf

Germany
Title
Port 1 (Output Port)
Size |Document Number REV
A3 PORT1.SCH 1
- Date: Decemzber 19, 1999 ‘ [Sheet 4 . of 7




8 7 6 5 T 7 3 2 1
DI0..7] CLK2
LKz
DI[0..7, U196
U168 CLK4 U206 U199
DIO BACKO SERADR SERCLK
DIl Bg 8‘{ BACK1 SPARE CLK8 <022 |
DI2 02 &2 BACK2 U204 SLow
DI3 D3 O3 BACK3 CLK16 OBUF
Di4 AND5B4
D4 Q4 |—x
DI5 Ds 05 3 CLK32 s IS SERCLK U197
DI6 D6 o6 U200
DI7 o7 o7 % onTo U205 CPUCLK _§ SERDATA (&7
[NIOWR NIOWR, c cE c cE Stow
x| OBUF
RD8C RD8C
AND2 FRS U195
[SELP21 U201
[SECFZ3 SELP23 CPUCLK CPUCIK ] SERADR 57
U180 SLow
U169 SLI XR3 OBUF
DIO DO QO Do Q0 [x 0 L PULLUP
DI1 D1 1 D1 Q1 X U198
bz D2 82 D2 Q2 =X INLAT V202
DI3 D3 03 D3 03 [x U161 SPARE (53]
Dia D4 Q4 D4 Q4 X 0 0 Q26 > SLow
D5 Q5 D5 Q5 [ OBUF
B:g be Q6 be Q6 ™% SerDATA J
D7 Q7 D7 Q7 [—SERDATA —
+5 ¢+ | SR U160
U175
c CcE L
CEFT U162
RD8C LD
CESR
(SELP22 CPUCLK gE
u1ss U179 OBUF U207 <o Rl
R SELP23 DO[D..7
SR8RLED
NIOWR [NIGRD > NIORD
AND2B1 AND2B1 NAND2B1 SERADR XU1l  poo
TB20
U189 u178 U190 )
U194
U191 (l
e Q b Q o TXBE TX SPARE XU12 poy
TB21
T INV j
c ¢ OR2
U103 U212
FD FD START_TX XU13  pop
CPUCLK FRS TB22
S Q
U192 u183 CPUCLK OR2 \l\
U163 CESR R XUl4  pos
CLK2
Qo TB23
o1 CLK4
o2 CLK8 CLK2 AND2 OR2 FRS
U164 03 CLK16
vce da CLK32 CLK4 v186 U210 START_TX XU15
45 o5 CLK64 DO4
o6 CLK128 CLK8 CNTO TB24
cE o7 CLK256
CPUCLK Pt CEO CLK16 —— U203 N
R Te CLK32 \‘Kxum
CB8RE DO5
U209 AND2B1 L viss TB2S
U170 BACKO A0 OR2
o - BACK1 ‘AL CLK2
o1 BACK2 a2 U182 uisl XU17
o2 - BACK3 A3 CLK4 Q0 U211 DO6
Q3 — EQ TB26
Q4 BO CLK8 R Q1
Q5 B1
35 A cuee ANDS cE Q2 AND3 \&
s CE Q7 B3 XxU18
é CEO |x CLK32 CPUCLK c e —x TXBE DO7
+ | R TC — COMP4 TB27
C8BCR
CB8RE
uis4
GND Michael Kraemer
U171 U172 U173 U166 Michael Kraemer
U174 U167
‘ Edenkobener Weg 24
DS o <Qz1] CLK256 <Q20 ] D40229 Duesseldorf
CE ‘ JFAST Germany
T INV OBUF OBUF Title
FDRSE i Port 2 (SIO, LCD Backlight/neg.V)
g%\‘%’, CLK DB Size |Document Number REV
A3 PORT2.SCH 1
Date: March 18, 2000 [Sheet 5 of 7
8 T 7 T 6 5 4 3 2 T T




8 7 6 5 4 3 2 1
XR4
567071 0 L PULLUP
INLAT U221
U213 PI30 0 a 030
SELPORT3
U228 CPYCLK
j vce J CPUCLK_]
+5 U214
NAND2B1 PI1230 XU19  poo
XR5
TB30 0 L PULLUP
S U243 U244
Pist Do piss—| B9 0 Pisar INLAT U222
XU20 —8L . p1 Q1 D1 Q1
PI231 DO1 PI32 PI132 PI232 PI31
D2 Q2 D2 Q2 0 0 <{Q31 >
TB31 PI33 D3 O3 PI133 D3 O3 PI233
J
s CLK DB CLK DB c cE c cE
:l RD4C RD4C vz1s
PI232 XU21  pop XR6
TB32 0 PULLUP
9 INLAT U223
PI32
PI1233 XU22  pog 0 o0 Q32
TB33 J
p U216
:l XR7
XU23  og 0 PULLUP
TB34
INLAT U224
PI33 0 g4 o33
XU24 o5 |
TB35
u217
L XU25  og
TB36
1 u235‘ U236
U237
XU26 ‘
por L s o S
TB37 ‘ INTP1
U240 PUCLK
‘ CPUC R OBUF P71,FAST
U238
‘ FDRS
c CPUCLK
INV
U239
Q D
FD
AND2B1
PI30 U230 PI32 U246
PI130 \ PI132 \
U233 U249
PI230 b PI232 S/ U250 U234
AND3B1 AND3B1
;Y229 ;Y245 o o
\ OR4 \ OR4
/ OR2
CLK_DB c
AND3B2 AND3B2
PI31 U232 PI33 U248
\ \ FD
PI131 PI133
PI231 S/ PI233 S/
AND3B1 AND3B1
U231 U247
Hﬁ cﬁ Michael Kraemer
Michael Kraemer
Edenkobener Weg 24
AND3B2 AND3B2 D40229 Duesseldorf
Germany
Title
Port 3 (Input Port)
Size |Document Number REV
A3 PORT3.SCH 1
Date: December 31, 2001 [Sheet 6 of 7
8 7 6 5 4 3 2 I 1




[NIGWR NIOWR

SELPORT4

D6
D12

D48

D6

U145

U146

D12

OBUF

U147

OPAD
,SLOW

U153

D24

OBUF

U148

<Q35

OPAD
,SLOW

uUls4

D48

OBUF

U149

OPAD
,SLOW

U155

OBUF

OPAD
,SLOW

Michael Kraemer

Michael Kraemer
Edenkobener Weg 24
D40229 Duesseldorf
Germany

Title

Port 4 (Output Port)

Size
A3

Document Number
PORT4.SCH

REV

Date:

December 31, 2001 [Sheet 7 of
2 1




Schematics

WOBBEL-PA



7 5 2 1
D|
vcc
P7 VCcC
o+
2 1
7 2 L
4
7 5
6
5 7 RELAY-TQ2SA-5V 1 RELAY-TQ2SA-5V 1 RELAY-TQ2SA-5V 1 RELAY-TQ2SA-5V 1
8 1 0 1 0 1 0 1 o
DSUB9HF 9
+ + + + ]
i __ LAAAAAAAAAANS \AAAAAAAAAANS \AAAAAAAAAANS
R3 R17 P3 , , , e
820 51 4 4 4
T P4
L_ 3 3 3
e P5
0.1uF L1
VCC12M
FP5 i)
4 us
2 - o R2
P1 3 151 |
R4 R1 AD811AN
P2 L2
VCC12P
200 | |51 FP5
- c7
0.1uF
B
VCcC1iz2pP
+ C5
vce c2 = 4.7UuFT16
Ul 0.1uF
1
4 ca vcC +V
10uFT6.3 C1 L
0.1uF ov
' 2_ eND v
+ C6
NMA0512S c3 = 4.7UuFT16
DC/DC Converter 0.1uF
VvVCCizmMm
us U9 u1o ull i
M3 M3 M3 M3 Michael Kraemer
Michael Kraemer
Edenkobener Weg 24
D40229 Duesseldorf
Germany
1 1 1 1 Title
Endstufe fuer Wobbelsender
Size |Document Number REV
A3 WOBBELPA.SCH 1
Date: May 14, 2000 [Sheet 1 of 1
7 6 3 2 I 1




