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X
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XRS232

"(N)" refers to number 
of signal I/Os only.

Bridge, 1 of:
 RFIV Test Head*
 Hi-Z Bridge 
 T1-6T Bridge****

Cntl*

+12v*

VE7IT SVNA as a Base  + N2PK Modifications

R.DUT**

T.DUT In***

(1)

Det. RF In

RF DDS Out

+12V +5V

Det. LO In

LO DDS Out

Controller

   dsPIC
  30F4011

ADC+5Ve

(8)

(8)

   Rotary 
 Encoder w/
 Pushbutton
  "Select" 
   Switch

+12V

+5V

 
 8xNiMH AAs: 
  - fused
  - chg. stop @ 50
    deg C

 
   Smart Battery
      Charger

(+Battery Voltage)/3

  
Charger
    LED

 Powering:
  - filtering
  - 5V sw. reg.
  - O.V. protection

T.DUT Out***

  N2PK VNA PCB

 
(2)

 
(3)

 
(4)

Left & 
Right
Pushbuttons

 N2PK SVNA:  Block Diagram - V1    N2PK, 09/20/10

1/8" stereo jack

Soft Pwr Cntl

+Ext. DC Present

+12v to +16V DC
@ 700 mA max.
during battery
charging

Soft power
Pushbutton

*     RFIV Test Head only
**    R.DUT=50 ohms for transmission
***   T.DUT=THRU (jumper) for transmission and reflection
      calibration and reflection DUT measurements
****  Transmission cal will be very low level with the 
      T1-6T Bridge, so it is recommended for reflection only
      measurements.

  2x24 LCD Display Hantronix:
     HDM2416H-2 (w/o LED)
     HDM2416L-2 (w/ LED)

5-pin ICSP
 internal
  header

 (2)  (1)  (2)

RS232



IRFD123

X

X

X

+5v

X

X

X

X

X

X

X

+5v

J1

+

0.1

C2

L1

+

0.1 0.1

FB1

C4 C5

R3 1k
1/2w

C6C3

D21N5819

D1

0.1

C1

F1
IRF9Z24NPb

+

33

0.1

1N4148
Soft Power
Pushbutton

1N4148
-dsPIC Pwr On 
(dsPIC RF4)

-Pwr Button Pressed 
(dsPIC RF5)

TL6006 1N4148
680

1k

15v
Over-voltage protect
@ approx 15.5V

22 uH

220

4.7

+External DC Present  
(dsPIC RE0 & Battery Charger)

10k

10k

+Bat. Chgr In/Out

1N5817
22k

100k

0.5A
NANO2

330
"+12V Ext", J220 on VNA PCB
"+12V Ext", J100 on RFIV PCB if present

Notes:
1. Resistors are ohms & 1/4w unless marked otherwise.
2. Capacitors are uF unless otherwise marked.
3. Littlefuse NANO2 fuses are SMD.
4. FB1, FB2, and FB3 as available.
5. L1 should not saturate at 50 mA DC. L2 and L3 should not saturate at 
    500 mA DC. 
6. Polarized caps should be rated to at least 16V.

+
LM2574N-ADJ

2.2k
1%

R6

6.8k
1%

1N5819

F2

470 uH

L2

+ +

470
16v

470
16v

C9

L3

470
16v

470
16v

C10 + +
C12C11

C13

0.1 FB3

0.1

C14

U1

D4R7

R5

32 4 6 8

7

15

R8
240
1/2w

0.1

C8

1k

0.5A
NANO2

22 uH

5.1v

Over-voltage protect
@ approx 5.6V

1N4148

C7

330

FB2

0.01

1.2k

680

TL6006

0.01

 "+5V Ext", J100 on VNA PCB
"+5Ve", J1 on controller

J3

DC Input:
+12 to 
+16V DC
@ ~750 mA
max

J2

        N2PK SVNA:  Power Board and Soft Start - V1      N2PK,    09/20/10

10k

10k



IRFD123

X

X

X

X X

X

X

X

X

Rt

63 7 8

2

4

9

+

10

+

+

+

+

+

+

+

+

+

1+

1k

47

LED1

Vdd

Vch

SNS-CTGVss

SNS+

DS2715

150

15k10k

10

Eight 
NiMH 
AA 
Batteries

10

Mode

Cbias

THM

   
Div

120 k par. 820k

+Bat. Chgr In/Out

LED (Green 
on front panel)

(+Battery Voltage) / 3
220

IRF9Z24NPbF

1k

Vbatt

14

13

11

12

47

10

15

16

220k

  +External DC Present
0.01

           0.25
 (4 x 1 ohm in parallel)

1N5819

THM1 hot glued to the 
side of one cell

THM1

                10k
 (see DS2715
    datasheet)

5.1k

10k

1.0A

       N2PK SVNA:  Battery Charger - V1      N2PK,    09/20/10

15v



+5D

+5D

+5D

+5D

+5D

+5D

+5A+5A

+5D +5A

+5D

+5D

X

+5D

+5D

+5D

+5D

+5D

+5A

+5A

X

X

+5A

+5D

+5A+5D

X

X

X

X

X

X

X

X

X

X

+5A

X

X

+5A

+5D

23

9

8

7

4

3

1

2

18

186

22

22

7

7

6

15

16

16

15

1

11

10

4

12

86

20

23

21

20

14

17

12

13 7

28

27

26

5 24 10 19

1

2

3

4

4

3

2

1

1910245

26

27

28

10

1

12

11

6 11

17

5

21

9

9

25

D

AD

A

D

AD

A

D Q

QCLK

CLR

8

8

CLR

D Q

QCLK
1

2.0k

0.1

0.1

200

49.9

R110

C124

    D6

    D5

    D4

Clk In

D7

D3

D2

D1

D0

FQ_UD

Clk In

D7

D3

D2

D1

D0

FQ_UD

   Iout

    D6

    D5

    D4

24.9

T110

J170

PRE

C170 C171 C173 C174

L171 L172L170

1

L180

C180 C181 C183 C184

L182L181

U110

U120

R122
R120

R123

W_Clk

W_Clk

1615

20

19

18

17

14

13

12

U160

5 9

10k

10k

R194

R191 1k

49.9

Q190

10k

2

4

3

MMBT3904-7

  VinP

  VinP

3

1

4

6

2

3

U130B

74AC74SC

J180

R167

1k

R168

1k

2

C115 C116 C117 C118

25

5

R164

R163

R162

J160

3,7

9

8

6

4
100p

C165

100p

100p

100p

C162

C161

R161a
221k

100p

R160a
221k

C163 R162a
221k

R166

R165

100p
C166

2

1

10

SN74ACT1284DW

C167

100p

R166a
221k

R165a
221k

10 10

10

10

74AC74SC

U130A

R160

R161

AD9851BRS

AD9851BRS

15p

C169

15p

C168

1k

1k

0.1

1k

1k

1k

1k

1k

R192

GND

   Iout

0.10.1

C110 C112 C113

C122 C123

0.1

C127

C185
Reset

Reset

 IoutB

 VinN

 RSet

 RSet

 VinN

 IoutB

GND

VCC

VCC

0.1 0.1

C111

0.1 0.1

0.1

0.1 0.1

10

DACBP

DACBP

C140

0.1

2.0k

C120 C121

C128 C126C129

C114

C130

T4-6T

R113R112

C160

C164

R193

R190

+0.495

T110 pins:

1,2,3: +0.496

U110/U120  pins:

12: +1.242
17: +2.85R163a

221k

R164a
221k

150n 150n 150n

27p 68p 68p 33p

RF DDS Out
(1V pp into 50 ohms)

C172

12p 22p 12p

+0.25

24.9

150n 150n 150n

27p 68p 68p 33p

12p 22p 12p

C182

LO DDS Out 
to Det  LO In  @ J210
See Note 6.

R150 0

R151

R153 +2.501

10k

10k

0 (Note 9)

0 (Note 9)

     U140
 Master Osc..
    Header
   (Note 8)

(Note 10)

LTC2440 SCK
(U260)

LTC2440 nCS
(U260)

LTC2440 SDO
(U260)

R169

C176 C177

C186 C187

Note 11

Note 11
surface wire

DET1 LTC2440 SDI
(U260)

1k (0603 vertical 
on PCB #1 near 
pad 19)

DC Voltage

Measurement conditions:
1. measured thru 10 k res. to 10Meg DVM
2. RF & LO DDS @ 10 MHz
3. Filt LO DDS Out to Det LO In
4. Det. RF In open

Best to probe at resistors or capacitors instead 
of modules where possible.

+

FB101

++5V Ext.

FB100

C101

10

2,3

1,4

J100

C10210

0.1

C103

C100

0.1

+4.98

+4.98

+4.98

U140 Master Oscillator Header

1

5

4

3

2

C1

Pin 2

Pin 1

0.01

C2

10 
cer.

       
   
 LT1761ES5-3.3

       
   
   CWX823-156.25

4

1

2

Pin 4

C0

1

C3
3

0.01 Pin 3

(open)

Notes
1.   Default units are ohms and uF.
2.   J120, J150, J170, & J180 are semi-rigid/braid coax solder attach sites up to 0.125" dia. 
3.   J160 is a 10 pin 0.1" SIP header or solder attach site.
4.   J100 is a 4 pin 0.1" SIP header or solder attach site.
5.   Wires jumpers, W1-W9(not shown here), are present  on the bottom plane to improve ground  plane integrity.
6.   An optional on-board trace can be used instead of J180 & J210.
7.   "DO n" on Parallel Port lines are origin "0."
8.   U140 is a homebrew header with a CWX823 156.25 MHz SM XO plus other parts as seen in the insert.
9.   C114 and C124 were not required for jitter reduction.
10. Each pair of C16X & R16Xa are stacked on edge or on top on the same pad plus the ground plane.
11. See "DDS_Anti-Alias_Filter_Redesign(5p1).pdf" for new part numbers, build info, and other data.

LO DDS Data

RF DDS Data

DDS Reset

DDS W_Clk

ADC nCS

ADC SCK

ADC nSDO

Ground

DDS FQ_UD

PRE

        N2PK SVNA:  N2PK VNA PCB, DDS Sources - V1        N2PK, 09/20/10



X

X

X

X

X

X

8

1
0

Sig2

Sig1

32

VEE

8 1

+

3

4

1

14

1

2,3

+

6

Out1

12

Out2

+

-

+

18

+

MMBT3904-7

REF+

F0

IN-

IN+

C221

FB220

4

2

7 6

3

2

6

7

4

+

-

3

2

7

4

+5V Det.

+5V Det.

U240

LT1677CS8

6

R240
U260

C260

T210

T211

R211

U210

Q270

0.1

D270

+ +

5

R232

R242

C290

C291

1

4
0.1

R214

49.9

1

2

2

1

2

6

4

6

4

1

R272

T1-6T

T1-6T

C216

0.01

C222

10

C220

10
0.1

+12V Int.

+5V Det.

6,7

       
        U280   
LM79L05ACM

        U290
   
 TC7662BCOA
      (Note 5)

15p

C212

R215

R213

47.5

R212

49.9

49.9

C211
(short)

0.1

2

10

C292

10 10

C280

10

C281

1k

R271

J210

3

Gain1 Gain2

Car1

Car2

MC1496D

Bias

5
C213

R216

R270

3.32k

C214 C215

R230

0.1C224
       U220
   
 LP2951CM+12V Ext.

J220

U230

LT1677CS8

R231

0.1

C231

REF-

GND

VCC

C241

0.1

R280

J211

3

C217
12p

R241

49.9

10k

10k

0.1

C230

2,3,

10

LM385M3-2.5

+12V Int.

1k
0.1%
(Note 5)

C223

5

1k
0.1%

510
0.1%2.00k

0.1%

+3.109

-1.795

+5V Det

+0.663

+10.06

+4.99

+3.109

+3.109

+3.109

-4.96-9.68

U210 pins:

2: -2.511
3: -2.511
5: -3.241

DC Voltage

Measurement conditions:
1. measured thru 10 k res. to 10Meg DVM
2. RF & LO DDS @ 10 MHz
3. Filt LO DDS Out to Det LO In
4. Det. RF In open

Best to probe at resistors or capacitors instead 
of modules where possible.

short

C240

14

0.01 0.01

1000
p

1000
p

100

100

LTC2440CGN

SDO

SCK

nCS

SDI

1,8,9,16

4

11

13

12

BUSY
15

7

10

+2.493

3

5

6

C251

0.1

2 6

4

U250

LT1460ACS8-2.5

C250

R250
(short)

C26

C26

C26

C26

1000p
(0402)

1000p
(0402) 15p

(0603)

floating -
LIFT PIN 15!

2

nEXT

Det1 LO In
(J180)
See Note 4.

Det1 RF In
(Front Panel -
1.2V pp max. 
 into 50 ohms)

DET1 LTC2440 SCK
(R168)

DET1 LTC2440 
nCS
(R167)

DET1 LTC2440 SDI
(R169)

DET1 LTC2440 SDO
(R193)

0.01
(0402
)

LIFT PIN 7!

10 (1206 or 
1210 cer.)

surface wire

Note 6

Note 6

Note 6
Note 6

Note 6

Note 6

Notes
1. Default units are ohms and uF.
2. J210 & J211 are 0.xxx" semi-rigid/braid coax solder attach site up to 0.125" dia. 
3. J220 & J290 are 2 pin 0.1" SIP headers or solder attach sites.
4. The on-board trace can NOT be used instead of J210 & J180 for Detector #1.
5. All 0.1% resistors are 25 ppm/°C.
6. Lifted pins, surface wiring, and 0402/ 0603 components are unique to mods for the
    original ExpressPCB PCB. VE3IVM's PCBs are designed for the fast detector and
    there is no need for lifted pins, surface wiring, or 0402/ 0603 components.

18p

49.9
R210

C210
(short)

18p

        N2PK SVNA:  N2PK VNA PCB, Detector - V1        N2PK, 09/20/10



R3

R4

R1

R2

R6R5

8p

C2C1

8p

R1

R2

R4

R3

XX

X X

XX

X X

XXX X

X

X

X

X

X

X

X

X

X

X

RFIV Test Head Matched Hi-Z Bridge

1

5

6

2 Mini-
ckt
 T1-6T

T1
43

R1-R6: 100 ohms

1

5

6

2

T1
43

     R.DUT

      R.DUT

Vdd

RFC

1

2 8

54

2

4

1

5

+3.
3v

28

4

1

5
RF2 RFC

3,6,7

RF2

GND

RFC

GND

8

R130

C110

C12
0

1

J100

1

5

4

3

1k2

3

2

4

Note 4

I-sensor

V-sensor

1T

0.01

Note 2

C101

C102

Note 3

Vdd

RF
1

   T.DUT Out

U120

U110

CTRL

RF1CTRL

GND

RF2

Vdd

R120

49.9
RF1 CTRL CTRL

T1-6T Bridge (Reflection Only)

( Good accuracy for R.DUTs near 50 ohms)

10 
cer.

  RF DDS Out   Det. RF In

   T.DUT Out   Det. RF In

Note 7

CTRL

CTRL

R101

100p

Note 4

Note 4

U130

Note 4 12T

1T

C130

12T

R1, R3: 24.9 ohms
R2, R4: 37.4 ohms

The addition of small caps across 
R2 and R4 will improve
high frequency matching. For
the TT1-6, try 47 pF each.

( Good accuracy for Hi-Z R.DUTs, better below 1 MHz than RFIV.)

RFIV  Sw.

       U100
   
 LT1761ES5-3.3

Ground

Ground

+12V Ext.

C100

0.1

Notes
1.   Default units are ohms and uF.
2.   C102: Digi PCC2400CT-ND  (X5R) Panasonic ECJ-2FB0J106K
3.   R100 is needed to sink reverse +3.3V current from switches
      when CTRL exceeds +3.3V.
4.   U110, U120, U130: Peregrine PE4220, or PE4230, or PE4244.
5.   T120 and T130 are wound on BN61-2402 cores, Fair-rite P/N
      2861002402. Each winding turn goes thru BOTH holes of the
      binocular core. Before winding, either a drill bit should be used to 
      remove the sharp edge from each core hole or use plumber's
      teflon tape wound thru both holes. The 12 turn winding is AWG #36
      enamelled wire wound first and tightly against the (taped) core. 
      The one-turn winding is AWG #30 with teflon insulation. A small      
      braid is placed over the one-turn winding on T130 and grounded 
      at one end to serve as  the electrostatic shield. Alternatively, use
      a narrow length of foil separating the 1T from 12T windings and 
      grounded only at one end.
6..   A high logic level on "Test Set Sw" will select the V-sensor and a 
      low logic level selects the I-sensor.
7.   "+12V Ext." can range from +5V to +16V.
8.  For additional info, see the N2PK VNA RFIV Test Head docs.

      N2PK SVNA:  Bridge Options - V1    N2PK, 09/20/10

R100

+3.3v

+3.3v

R102

+3.3v

CTRL

49.9

0.1

T130

T120

3,6,7

0.1

0.1

3,6,7

( Best reflection calibration stability, best accuracy for Hi-Z and Lo-Z R.DUTs.)

1k

C103
221k

Det. RF In

R.DUT

open

Mini-ckt
 T1-6T or
 TT1-6open



X

+5Vi

X XX

X

X +5Vi

X

+5vi

+5vi

+5vi

+5vi

X

X

X

X

+5Vi

X

X

X

X

X

X

X

+5Vi

+5Vi

X

X

X

X

X

X

X

X

X

+5Vi

+5Vi

+5Vi

+5Vi

X

X

X

X

X

+5vi

X

X+5vi

+5vi

X

+5vi X

1 2 3 4 5

0.1270k

In Circuit Serial Programming (ICSP)

47p

J3

1

2

3

4

J1

(+Battery Voltage) / 3

   +5Ve

 GND

0.1 +

-dsPIC Pwr On 

-Pwr Button Pressed

10

AN0

dsPIC 30F4011

40

39

38

37

36

33

32

30

24

22

26

25

23

27

29

28

31

RB1

RB2

RB3

RB6

RB7

QEA

QEB

RB8

VDD

VSS

OSC1

OSC2

U1ARX

U1ATX

RE8

RD1

RD3

VSS

        RE0

        RE2

        VSS

        RF0

         RF1

         RF4

        RF5

        PGC

        RF6

        RD0

        VDD

0.1

0.1

10

21

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

20

19

0.01

1N4148

-MCLR

        PGD

1

2

3

4

5

6

7

8

9

10

J4

Ground

ADC SCK

 N2PK VNA 

ADC nCS

Ground

DDS FQ_UD

DDS W_Clk

DDS Reset

ADC nSDO

RF DDS Data

LO DDS Data

J4

2

3

5
R

RX

TX

DS14C232CN

T

16 620.1 1

7

13

G

1

1

3

1

1

4

5

15 12 10

      AVDD

      AVSS

0.1

        VDD

0.1

Ground

5

+External DC Present

47p

J6

RFIV  Sw.

Ground

J7

1/8" stereo RS232 DB9

Connects to programmers 
like Microchip PICkit 2 or 3

100

0.01

0.01

10K
10K

10K

10K

B

A

G

Rotary Encoder w/ Switch
(Ideally 96 ppr, no detents)

+5 (optical)

Bourns EM14A0D-C24-L064S

"Select"

"Tune"

        RD2

"Right"

"Left"

        RE5

34
       RE4

        RE3
35

        RE1

2

1

J2

3

4

5

6

7

8

9

        LCD

Function   Pin

+5V            2

Contrast      3

 D4            11

 D5           12

 D6            13

 D7            14

 RS            4

 EN           6

Gnd          1, 5

0.1

10k

10k

10k

Status LED 
(internal)

EG1821-ND (Digikey) + 
EG-1885-ND for black cap

      N2PK SVNA: Controller - V1    N2PK, 09/20/10

2x24 LCD Options:
   1. Hantronix, HDM24216H-2, no backlight
   2. Hantronix, HDM24216L-2, with backlight
       which also needs a current limited supply 
       about 150 mA and perhaps a switch to 
       turn it off to conserve battery power.

10k

1k

22u (@ >150mA)


