1 I 2 I 3 I [ I 5 [
Sheet: Receiver
RX_ADC_ANB RX_ADC_D7
— D ADC_ANB ADC_D7<—
RXADC_CLK__K \0c 1k ADC_D6¢]—RXADC_D6
RXADC_PD1_|5 0 pp1 ADC_D5__RXADC_DS
RXADC_PD2__5 0 poo ADC Dl RXADC_D4
ADC_D3¢l__RXADC_D3
RX_QAMPSV_ | v sy ADC_Dod]_RXADC_D2
RX_QAMP_BYPL__L 0 aup gypi ADC D1l RXADC_DL
RX_QAMP_BYP2__[ 0 416 gypo ADC_DOCl__RXADC_DO
RX_QAMP_BIAS__|S 0 v piae
ADC_VDD_3V3—RXADC_3V3
RX"J;MS'SV—{DLAMP,SV ADC_DVDD_3V3—RX-ADC_3V3D
RX_LAMP_BYPL_ 1y avp_gyp1
L0-SH-V30 5V RX_IAMP_BYP2__L| sp_gyp2 ADC_GND2—RX-ADC_GND2
c? c? c? c? c? RXAMP_BIAS_b | _aMP_8IAS ADC_GND1g—RXADC_GND1 RF_SW_VDQ_5V
QAMP. GNDA—_RX_Q_AMP_GND
100 pF 100 pF 470 pF |L nf 10 nf RXLLNALSVO__L s oo e oo RXIAMP_GND o o o o o
zi-tx:-gi’;ADLNA,BYPl LNA—GNDG’*RX'LNA'GNi 10 nf 1 nf[ 470 pF| 100 pF| 100 pF
GND  GND  GND  GND GND —LNABYPZ2__15 | Na_BYP2 L2
RF o)
- GND GND  GND  GND  GND
Sheet: Local Oscillator —PLo o~
U102 <
PLL_5VO. File: receiver.sch
—DP5v0 B
U101 | LA o 2 "
PLLIV3_ Lays = 58 RF1 w 4 e & <
‘ RFL IS N : FC s
Lo 4 RFC% : . TS LI RF2 } ]
PLL_DATA ; o o AL ~ "
—DDATA ‘ _ i 6 +e<]C
PLL-CLK—DCLK nlﬁ CTRLDMWT Sheet: Transmitter l o E 1.0 nH
PLCE b z o l s 3 GND
HE—pie 2 & L—bLo RFG™ B6512PL6E6327XTSAN a ok
= +
PLL_MUXOUT = [ BGS12PLBE6327XTSAL 26—-BGS12PL6E6327XTS o
—pMuxouT z 726-BGS12PL6E6327XTS
!
PLLGND. S TXIDAC_GND___1| pac_cND GND
——DPLL_GND ] TX-'—DAC—SVO:gFDA{SV PA_SV<] TX_PA_5V NOTE: make sure both receiver and transmitter
Filer (o.sch GND TX-I-DAC-svs—{D\:DAC:]VE - RF ports are stable when they see a short
TXLDACDO__) pac_po
TXIDACDL__ ) pac_p1
) TXIDACDZ__+) pac_p2
11 RXADC_ANB TX_LDAC_D3 [, pac 3
12 Rxapc_cik XM IV By oy
135 Rxapc_PD1 TXULMIXNAVZ s avs
J? TX_I_MIX_EN MIX |
T e v ot
T T6 rxaampBYPL TX.QDACLGND__b o pac cnp
T 17 rRxaamp_BYP2 TX_Q_DAC_SVO__|y  pac ey
T Ts rxaampBias TX_QDAC3V3__| § pac svs
T To Rxi_amMP_sv TX_Q_DAC_DO__E 0 pac o
)2 o TX-LDAC Tio rx_AmMPBYPL TXQDAC DL o pac b1
JA—PLL5v0 L T%-LDACD3 Ti1 rxa_amMPBYP2 TXQDACD2__ o pac b2
H2—PLLavs T Ti2 rxa_AMP_BIAS TXQDAC D3 pac b3
2—PLLDATA ) 49 TXLMIX J1s— rxinasv0 TXCQMIX V3 0 /1 3vs QL MIX_GNDd—TX_Q_MIX_GND
4 PLLCLK 10 DXCLMIXEN 14 RX_LNA_BYP1 TX_Q_MIX_N1V2 TX_I_MIX_GND
5 PLLCE 11 TX_Q_DAC_GND =] TXQMIX EN—DQ,M\X,MVZ LM\X,GNDG}*TX PA_GND
P - RX_LNA_BYP. X_Q_MIX_ _
Te  piite T12 1x_a oacsvo C%ijoc_; 2 —DQ_MIX_EN PA_GNDG——
d7 PLLLMUXOUT | _]413 TX_Q_DAC_3V3 :17’RX_ADC-06 File: transmitter.sch
18 rLLGND a4 Tx_a_pAc_po Tis RADC DS
Conn_01x08 415 K-Q-g:(é-g; Tio rxapc_ o4
16 TXQDAC 20 RX_ADC_D3
117 1x_a_pAcp3 151 RADC D2
118 tx_amix_3vs 155 Ry ADC DL
J19  txcamixnivz 155 R ADC DO
20 TX QMIXEN T2u Rxa0C_3v3
21 TX_Q_MIX_GND T -
< 25 RX_ADC_3V3D
22 TX_LMIX_GND -
- CPAOND 126 Rx_ADC_GND2
| 423 —PA 27 Rx_ADC_GND1
Conn_01x23 128 RX_Q_AMP_GND Sheet: /
429 RX_I_AMP_GND File: discrete—rf—board.sch
30 rx_NAGND Title:
Conn_01x30 .
B Size: USLetter | Date: Rev:
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Sheet: Dacl NOTE: power supplies should be separated so that
we don‘'t need to route on this board
I_DAC_S5VD—p +5V = ———IMIX_GND
I_DAC_3V3D—P +3V3 Sheet: Mixerl
I_MIX_END—P MIXER_EN_3V3 +3V3—I_MIX_3V3
I_DAC_DOD—P DO —1V2G—I_MIX_N1V2
I_DAC_D1ID—P D1
I_DAC_D2D— D2 bLo
I_DAC_D3D—P D3
ouTg o
I_DAC_GNDD—> DAC_GND RFQ = ——aPAGND
File: dac.sch BIF heet: PowerAmplifier
+5V0——<PA_5V
PD0810J5050S2HF _FL? FL? SF2098H
ORT1
File: mixer.sch
fLe o uxonn LB UM IN < ut DIN oUTd————aRF
- z4 QQMIX coo o o
Input, __ Direct Sheet: MixerQ 6L Aor12G & & 5 5
|
solatedgLoupled Q_MIX_END—P MIXER_EN_3V3 +3V3—AQMIX_3V3
RSSO oosmie B
DLO GND GND
o GND
GND
RFQ Filer pa.sch
DIF
Sheet: sheetbDOASCAS
Q_DAC_5VD—D +5V
Q_DAC_3V3D—P +3V3
File: mixer.sch
Q_DAC_DOD——P DO
Q_DAC_DID—PD1
Q_DAC_D2D——PD2
Q_DAC_D3D—PD3 ouTd
Q_DAC_GNDD—— DAC_GND
File: dac.sch
Sheet: /Transmitter/
File: transmitter.sch
Title:
Size: A4 Rev:
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1 | 2 | 3 | 4 | 5 I




1 2 | 3 | 4 | 5
~11 mA quiescent current
Not much gain but it does convert to differential
+3.3VA
TODO combine transistor pairs into matched transistar
A ? c? C? units
10 nF |0.1 uF
Q_PNP_BCE Q_PNP_BCE
Q? Q?
C1401 C1405 GND GND GND
0.1 uF 0.1 uF
IFMH IFP
r t BW: ~2 MH; R1403
Lereet = 1402 L 4KTR
0.1 uF
D I Q1401 Q_NPN_BCE
I Q_NPN_BCE C1404 LO drive should be
0.1 uf S0dBm 433 86t
: . c
Jo
+3.3VA Lo C1415 _|C1416 _[C1418 _|C1419
J? =
4 e 100 pF [100 pF  [100 pF |1 nF
DNP 0402 DNP 0402 o
B g e
— =13 GND GND GND GND
b~
GND GND GND
Values based on datasheet
+3.3VA °
T L Low |
? ? p =
GND C? C? &
0.1 uF (0.1 uF
H GND N g% I <—1.0 dB
GND & GND ) x pap B
o MIXER_EN_3V3D——2— EN S S J—/—W —RF GND
o C1417
TODO add BPF
QPNS{ESE — IFP IN+ fgzouw 2.2 pF RF
T IFM ° 4 1 N- ouT- 4
Q_PNP_BCE gog §E HHM1515B2
C1409 -
1409 o oo e | I +3.3VA ©  B10-HHM15158
1 nf GND
OND Ci41b
9 GND U1401 T oF
GND LT5560EDD#PBF
Q1406 Q1407
1 Q_NPN_BCE Q_NPN_BCE GND
—-1V2D- L g
Sets bias point so that the common mode voltage is close to ground
B C1406 _|C1407 _[C1408
I,SmatE,SmaHI,SmaH
GND GND GND
Sheet: /Transmitter/Mlxerl/
D File: mixer.sch
Title:
Size: A4 [ Date: Rev:
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1 [ 2 | 3 | 4 [ 5
~11 mA quiescent current
Not much gain but it does convert to differential
+3.3VA
TODO combine transistor pairs into matched transistar
A ? c? c?  units
10 nF |0.1 uF
Q_PNP_BCE Q_PNP_BCE
Q? Q?
C1501 C1505 GND GND GND
0.1 uF 0.1 uF
IFMH |»IFP
r t BW: ~2 MH; RL503
oroet B %1502 L] 4k7R
0.1 uF
D I Q1501 Q_NPN_BCE
I Q_NPN_BCE C1504 LO drive should be
0.1 uF S0dBm 433 #6c
: . c
© ©
+3.3VA Lo C1515 _|c1516 _|C1518 _|C1519
J? =
4 o= 100 pF [100 pF  [100 pF |1 nF
[ Sw T
= © % IDNP 0402  [DNP 0402 NE
B S n o
— =13 GND GND GND GND
b~
GND GND GND
Values based on datasheet
+3.3VA °
T 1L Loss
? ? p =
GND C? C? &
0.1 uF (0.1 uF
L GND N SE I <—1.0 dB
GND & GND & ap B
o MIXER_EN_3V3D——2— EN S S J—/—W —RF GND
o C1517
TODO add BPF
QPNS{ESE — IFP IN+ fgzouw 2.2 pF RF
[+ IFM ° 4 1 IN- ouT- & 4
Q_PNP_BCE Eg g% HHM1515B2
C1509] = P vee |2 +3.3VA SN 810-HHM15158B
GND 1nF GND
C1514
9 GND U1501 T oF
GND LT5560EDD#PBF
Q1506 Q1507
1 Q_NPN_BCE Q_NPN_BCE GND
—-1V2D- L g
Sets bias point so that the common mode voltage is close to ground
B C1506 _[C1507 C1508
I,SmatE,SmaHI,SmaH
GND GND GND
Sheet: /Transmitter/MixerQ/
D File: mixer.sch
Title:
Size: A4 [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 4/19
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UFL

>
c? c? c? c? 2
IHF IHF IUO pF Too pF
GND GND GND GND

2
D 1 L?
10.0 nH
c?
oo e 100 PFRF o
IND——

%) xo » GND
I 9.5 nH
c? L? ?

c?

TODO make sure the matching circuit values are
o calculated for Vce=5V
)

c?
« 100 pF RF

—aour

l 3.0 pF RF

RY RY 5.45 pF RF - < ed
DNP 0402L IDNP 0402 l = 100 o BF
GND I
GND GND
GND GND
GND
Vbe=~0.827V, ib=~0.05mA, ic=5mA
NF=1.5 dB, K=~16dB
Sheet: /Transmitter/PowerAmplifier/
File: pa.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 5/19
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M
>
M

+

+5V

1 uF| 0.47 uF 0.1 uf 10 nF

0.1 uF 0.47 uF |1 uF

DGND DGND.

Q?

b3 Q_NPN_BCE

R?
15kR 1%

D2

R?
15kR 1%

D1

R?
15kR 1%

DO

R?
Lse 15kR 1%

DAC_GNDD~ ®

Sheet: /Transmitter/Dacl/
File: dac.sch

Title:

Size: Ak [ Date: Rev:
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v
>
M

+

+5V

1 uF| 0.47 uF 0.1 uf 10 nF

0.1 uF 0.47 uF |1 uF

DGND DGND.

Q?

b3 Q_NPN_BCE

R?
15kR 1%

D2

R?
15kR 1%

D1

R?
15kR 1%

DO

R?
LSB 15¢R 1%

DAC_GNDD~ ®

Sheet: /Transmitter/sheet5D9A8CAS/
File: dac.sch

Title:

Size: Ak [ Date: Rev:
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1 [ 2 [ 3 I 4 I 5 [
C? C? C? C?
100 pF Ioo pFIOD pF Ioo pF
o .
s 33 GND GND GND GND Z 20 mA bias current
C1601] C1602 P 3v3 S5V
3V3
0.1 UI 0.1 UI C1605 C1606 R1605 C1609 C1610 c1613 C1614
R1604 1 nf 1 nf 53R 10 nf |10 nF R1612
GND GND U1601 523R V_vco 10R 100 pF  [1 nF
DVDD ADF4360—-7BCPZRL7 AVDD ° GND GND ! GND GND GND GND
TODO figure out XTAL freq 16| REFIN RFOUTA 4 11603 11605
47 nH 47 Target is ~+6dBm
DATAD———————18 paTA = =
D 19 o 'a o J1602
- - wco (6—V-VCO S o 3L1604 2 Z
o MuxouTo—————20 Muxout VTUNE - O w375 nH o 5
PLLGNDD—]> = - 23 ¢
L1
=} GND
L2 IcP =z
) o 24 S P
R%gg% 3%5% SL}J()OEf R%gg% C160_[3 4 EZET 6 eooo = TODO figure out loop filter -3 to +5dBm? HHM17147A1 6
Zn Zn circuitr datasheet is unclear
1o HI § 5555 w & Y IL=-0.7dB  \p ~20 dB gain accarding to SPICE model,
SRS T GND GND ~17 dB gain to S parameter madel in scikit—rf
GND GND GND GND nggj C1604 :‘:1 jj i n'j ] TODO figure out attenuator values to get —20 dB and —13 dB
R_Smalll 10 uf
u Compression point should at ~-~10dBm (~+10 dBm at output)
Optimum inductance = 3.98 nH V_vCo %
TODO place the inductors at right angles to avoid coupling GND GND
Sheet: /Local Oscillator/
File: lo.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 8/19
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1 | 2 | | & | 5 |
A
TODO figure out resistor and capacitor values
o
FL? I_AMP_GNDD—> 2 com
B LOD——————L input Direct heet: IFAmplifierl R? R? ADC_VDD ADC_DVDD
L_AMP._5VI b 45y R_Small LIR_Small
Isolated=Coupled Sheet: RxMixerl _AMP_5VD + C? C? C? C?
LO ouT ® ® 0.1 uF 2.2 uF 0.1 uF 2.2 uF
R? 836250806 400 3amF > IF+ DIN+ 9 e
50R ouT-4 ?
IF-d DIN-
c_Small
Sheet: LNA GND D RF I_LAMP_BYP1D—— BYPASS1 GND GND GND GND
GND I_AMP_BYP2D—— BYPASS2 ® -
o
8 LNA_SVOD-P +5V0 FL201 SF2098H FL? _PD0810J5050S2HF I_AMP_BIASD——BIAS U7 >
PORT. File: diode_mixer.sch : Q
5 File: TF_amp.sch LN INA- VDD ADC_VDD_3V3
RFD—PDIN ouTd IN ut su coM 1P INA+ VoD -
o o ooo P VDD g
=z =z zZ2ZZ
O O © © OPORT a heet: IFAmplifierQ R? R? &N INB+ 3
LNA_BYP1D-DBYP1_3V3 ] Sheet: RxMixer R_Small LIR_Small INB- L
VD——P +5V
LNA_BYP2D-DBYP2_3V3 ) QAMP_S P+ ovop L= qADC_DVDD_3V3
L—pLo U+ _ ADC_ANBD—LY 2/B oono il————p2
Filer Tnasch IF+q DIN+ oUT-d - L? ADC_CLKD—2 ¢k MAX1193 S
I LNA_GND GND GND IF=9q DIN- 700—MAX1193ETI+T 07 o QADC_D7
- DRF C_small ADC_PD1D—24 Pp1 06 {L4 ADC_D6
Q_AMP_BYP1D——DBYPASS1 Jropires oo os oo frgyros
o Q_AMP_BYP2D——D BYPASS2 ® - o Dy
File: diode_mixer.schq AMP_BIASD—— BIAS - 324 ReFIN D3 =9 o ADC_D3
z¢—k REFN REFN 02 ADC_D2
: 2 ' REF_P 2
File: iff_amp.sch 2 El — |{‘____21 REFP 1 e ADC_D1
M ERS]
o ] 00 ADC_DO
QAMP_GNDD—> = S 0'4,.7__” COM 25 soo o
©v o sE LZZzZ 5<|——<]ADC,GN01
M
¢ ! 2 ———aADC_GND2
1P QP C m» 2
o <3 Y <& <
NS 5V ZAS 22 GND
o = o o
a
A sV ZAE V2
— | N @ O N @
I_N QN|
~1.4 pF due to diode parasitics
Sheet: /Receiver/
D File: receiver.sch
Title:
Size: Ak [ Date: Rev:
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TP403 @
TestPoint + a5V -
_Tgao _‘5411
0.1 uf 0.1 uf
TP409
C406 TP407 ;
TestPoint TestPoint I
TP405 0.1 uf 0.1 uf GND GND
TP401 TestPoint 02—
TestPoint RLOS 02+
25R GND GND ULO2A u
w U401A R41S NLAS4157DFT26 o
- ;——' 10kR
01 = 2 8 NLASKISTDFT2G 3 O I; 01+
& 01—40.”3__3_ -o/'}-
< Ko_ 4 :o-—L——| I+
- NSVT65011MW6T1 wlls
2.5V IN- = |_g S o
N+ NSVT65011MW6T1 23 TestPoint °
407 < TestPoint TP408 TPu10
OKkR TP406 1TestFumt
BYPASS1 BYPASS1
BYPASS1
1.7 V max
Lav e Seuos
. max
BIAS Q402
Q_NPN_BCE
c401 +E .7 V max
W 30 mA max
0.1 uf et BYPASS2
=5 404 GND BYPASS2
©
2R
GND -1 [0
4
GND Lo—t——aouT+
02— _O/o-
NLAS4157DFT26
U403A
BYPASS2
2+ 1 [o
C402 C403 C405 C407 4 qout-
02+ 3
0.1 uf 0.4 uF  ]0.1 uF  [0.1 uF _°/°'
NLAS4157DFT26
U4OLA
45V GND GND GND GND
U4018 U4028 U4038 U404B
NLAS4157DFT26 NLAS4157DFT26 NLAS4157DFT2G | NLAS4157DFT26
V+ V+ V+ V+
f GND f GND GND f GND
GND GND GND GND
Sheet: /Receiver/IFAmplifierl/
File: if_amp.sch
Title:
Size: A4 [ Date: Rev:
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UFL

J?

J501 —
i s
e NI J502.
o~ [
)
GND U502 S
LOD— L = ‘Y oo b—IRF
2 >K< 3 Pl
HHM17147A1 BATI5-099R L HHM17147A1
valO—HHM171h AL 726 -BATL5099RE6327 L580150-HHM171107A1V
GND 220 nH GND
o IF+
> R?
S DNP 0402
= IF—
-
(S Use to simulate IF output impedance
while measuring parameters for mixer
Sheet: /Receiver/RxMixerQ/
File: diode_mixer.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 11/19
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TP603 @
TestPoint + a5V -
_Lﬁl[) _‘Eﬁll
0.1 uf 0.1 uf
TP609
€606 TP607 ;
TestPoint TestPoint I I
P605 0.1 uf 0.1 uf GND GND
TP601 TestPoint 02—
TestPoint R603 02+
25R GND GND UB02A u
w U601A RO1S NLAS4157DFT26 O
- ;——' 10kR
01 = 2 & NLASKI5TDFT2G s 8 I; 01+
& 01—40.”3__3_ -o/'}-
< Ko_ 4 :o-—L——| I+
- NSVT65011MW6TL mlls
2.5V IN— = |_g - S =
N+ NSVT65011MW6TL iR TestPoint °
R607 < TestPoint TP608 )
T OKR TP606 1TestFumt
BYPASS1 BYPASS1
BYPASS1
1.7 V. max
GND TestPoint
Binc 1.4 V max TP602 Q602
Q_NPN_BCE
€601 = .7 V max
35 30 mA max
0.1 uf e BYPASS2
=3 R604 GND BYPASS2
22R
GND 12— 1 _OE
4
GND Lo———aouT+
02— _O/o-
NLAS4157DFT2G
UB03A
BYPASS2
2+ 1 [}
€602 €603 €605 C607 | 4 qour-
02+ 3
0.1 uf 0.4 uF  ]0.1 uF  [0.1 uF _°/°'
NLAS4157DFT2G
UB0LA
45V GND GND GND GND
U601B U602B U6038 U604B
NLAS4157DFT2G NLAS4157DFT2G NLAS4157DFT2G | NLAS4157DFT2G
V+ V+ V+ V+
f GND f GND GND f GND
GND GND GND GND
Sheet: /Receiver/IFAmplifierQ/
File: if_amp.sch
Title:
Size: A4 [ Date: Rev:
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1703
I
5
+5V0 TS CND
Sheet: LNA Gain Block 1 902-928 MHz BPF heet: LNA Attenuator 1 Gheet: LNA Gain Block 2 Sheet: LNA Attenuator 2 chest: LNA Gain Block 3
D +5V0 U701 SF2098H D +5V0 D +5V0 D +5V0 D +5V0
IND—PIN outq IN %}UT DIN outq DIN outq DIN outq DIN ouTg——-=out
2 2
(%) (%)
LBYP1_3V3 D BYPASS_3V3 D BYPASS_3V3
File: [na_galn_B[ocE.sc File: [na_galn_B[ocE.sc File: [na_galn_B[ocE.sc
File: switchable—attenuator.sch File: switchable—attenuator.sch
~ ~ R91 BYP2_3V3 R192_
ma —oma
1702 e
J701 s 5
" 5
o
E GND GND
o GND
GND
Sheet: /Receiver/LNA/
File: lna.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad 5.1.4—e60b26684ubuntu19.04.1 Id: 13/19
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o
>
n

+

€805 €807
IHF Ioo pF R
GND GND

C801 €803 C806 €808

IHF IHF IUO pF Too pF
GND GND GND GND

J? TODO make sure the matching circuit values are
o calculated for Vce=5V
)

€810
100 pF RF

802
100 pF R 809
IND———] 3.0 pF RF
9.5 nH
csos L 3ot
5.45 pF RF c? oND
100 pF RF
GND

GND GND
GND

Vbe=~0.827V, ib=~0.05mA, ic=5mA
NF=1.5 dB, K=~16dB

File: lna_gain_block.sch

Sheet: /Receiver/LNA/LNA Gain Block 2/

Title:
Size: Ak [ Date: Rev:
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o
>
n

+

€905 €907
IHF Ioo pF R
GND GND

€901 €903 C906 €908

IHF IHF IUO pF Too pF
GND GND GND GND

J? TODO make sure the matching circuit values are
o calculated for Vce=5V
)

€910
100 pF RF

€902
100 pF R 909
IND———] 3.0 pF RF
9.5 nH
coos L o01
5.45 pF RF c? oND
100 pF RF
GND

GND GND
GND

Vbe=~0.827V, ib=~0.05mA, ic=5mA
NF=1.5 dB, K=~16dB

File: lna_gain_block.sch

Sheet: /Receiver/LNA/LNA Gain Block 3/

Title:
Size: Ak [ Date: Rev:
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C1001 C1003 C1006 C1008

IHF IHF IUO pF Too pF
GND GND GND GND

C1004
5.45 pF RF

o
>
n

+

C1005 C1007

IHF Ioo pF R
GND GND

c?

GND
GND GND

GND
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NOTE: RF1 is the connected when ctrl=0,
the disconnected path is shorted
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