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Background

 QUARC DAQ electronics needed upgrading from Cosylab system:

— USB104 more compact and can be bus powered compared to Nexys
Video.

— ZMOD daughterboard needed in place of FMC with USB-C only.
— All DDC board connections should be USB-C.

» Pete Hastings (Oxford) has already designed replacement ZMOD
daughterboard:

— Matt Warren able to communicate with Rev.D DDC boards (with
modifications...).

— New Oxford DDC boards just arrived with several design
Improvements.
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a . . Signals Signals
3 USB-C Cable Ideal Pin Connection
o\ TX1+ RX1+
A3 [Txi-  |B10 RX1-
A4 |VBUS |A4 VBUS
A5 |ccl A5 ccl
A6 |D+ A6 D+
A7 |D- A7 D-
Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al2 A8 SBU1 B8 SBU1
A9 |vBUS  |A9 VBUS
GND | [Tx1+| |[Txa-| |vBus| [cc1| | b+ | | D- | |sBU1 VBUS| Rx2-| |Rx2+| | GND A0 |Rx2- B3 X
All RX2+ B2 TX2+
A2 |GND  |A12 GND
B2 |oND  |B12 GND
B11L |RX1+ |A2 TX1+
BI0 |RX1-  |A3 TX1-
BO  |vBUS |B9 VBUS
B8  |SBU2
B7 |b-
oND | [Rx1+| [Rx1-]| [vBUS] |sBU2| [ D- | | D+ | | cc2 | [vBuUS| [Tx2-| [TXx2+| [ GND T
B5 |cc2
Bl2 Bl B0 BY B8 B7 B6 B5 B4 B3 B2 Bl EC S Ve T N P VB
B3 |tx2=  |A10 RX2-
B2 TX2+ All RX2+
BL |oND  |B1 GND
Input Al A2 A3 A4 A5 A6 | A7 | A8 A9 Al10 | Al1l Al2 B12 B11 B10 B9 B8 B7 | B6 | B5 B4 B3 B2 Bl
Signals | GND | TX1+ | TX1- | VBUS [ CC1 | D+ | D- | SBUl1 | VBUS | RX2- | RX2+ | GND [ GND | RX1+ | RX1- | VBUS | SBU2 | D- D+ | CC2 | VBUS | TX2- | TX2+ | GND
Output | Al B11 B10 | A4 A5 A6 | A7 | B8 A9 B3 B2 Al2 B12 A2 A3 B9 A8 B4 Al10 | A1l Bl
Signals | GND | RX1+ | RX1- | VBUS [ CC1 | D+ | D- | SBU1 | VBUS [ TX2- | TX2+ | GND | GND | TX1+ [ TX1- | VBUS | SBU2 VBUS | RX2- | RX2+ | GND




USB-C Connections: Cosylab Rev.D

FMC USB-C Connection DDC Rev.D USB-C Connection

P

VCC
FTS-102-01-L-S -l__.
K1 DVDD
O 2—vee sv 1
0 —svec_tav 32V, 4A L
o _ ,
c35
HDR aX VCC_3v3 10uF R15 16
o Ii% e Al BI12
GND GND
R19 USBCH1
4K7 USB-C Right Angle Flag = CLK C N A2 Bll DOUT P
SSTXpl SSRXpl
A5| GND GND (212 GND CIK C P A | corvnl ssrxm BLO DOUT N
p2 USBC1_DOUT_P éé A5 | TX1_P RX1_P [g7p ( éUSBCLCLK70F67N p2 A4 B9
p2 USBC1_DOUT_N Aa| TXI_N RX1_N [gg USBC1_CLK_CFG_P  p2 S —— VBUS VBUS |———¢
USBC1_RESET_33 A5 | VBUS VBUS "gg usscw,DVAun,R,sN RESET ST B CONV
P e USBCY CLK P L] b1 P oK o USBCT_CLK N  p24 CLK P A6 | pp D2 2L RS
p24 USBC1_CLK_N USBCT CONV 33 Ag | DIN D2_P [ge %usscLCLK,P p2,4 CIK N A7 B6 CLK P
p3  USBC1_CONV_33 Ag | SBU1 CC2 g4 D>USBC1_CC2.18  p24 DVALID R " Dnl Dp2 Bs
VBUS VBUS
p2  USBC1_DIN_CFG_N ; ﬁ}? RX2.N  TX2.N gg éUSBcLDCLK,N p2 % SBU1 VCONN ™
p2 USBC1_DIN_CFG_P A2 2)’5'25P TXGZNS B1 USBC1_DCLK_P  p2 DCLK N NG VBUS VBUS ~ DIN C N
SSRXn2 SSTXn2
coan DCIUK 12 :11; SSRXp2  SSTXp2 g? DINRCHL R16
333 g oW GND f———¢ 4k7 1%
<l R20 Shell - Spiela
I|IZ|ZZ 4K7
Z=|=[=
. ne USB 3.1 Type C Receptacle
= /77 = = I
GND GND GND _— _— —_
GI:TD GND GND
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ZMOD v.1 USB-C Connection

I
!

OuF OuF

ol?lm
T°1

+5V +9V
Swi
1101M2S3CQE2
11
— F1
T com| 2

3 |3 0438006.WRA

USBC_DOUT_P =

KUSBX- SL2 CSlN24 B-TR

USBC_CLK_CFG_N

USBC_DOUT N ®

USBC_RESET_ 33 =

® USBC_CLK_CFG_P

USBC CLK_P =

USBC_CLK_N

USBC_CLK_N =

USBC_CONV_33 =

USBC_CLK_P

USBC_CC2_18

USBC_DIN_CFG_N ®

USBC_DCLK_N

USBC_DIN_CFG_P =

R6

+3V3 4K7
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GND_1 GND_4
SSTXP1 SSRXP1
SSTXN1 SSRXN1
VBUS_1 VBUS_4
cc1 SBU2
DP1 DN2
DN1 DP2
SBU1 cc2
VBUS_2 VBUS_3
SSRXN2 SSTXN2
SSRXP2 SSTXP2
GND_2 GND_3

r £ 2 z

S 5 5 s

MH1
MH2
MH3
MH4

CHASSIS

USBC_DCLK_P

R7
4K7

P

Cosylab DDC Rev.D USB-C

(Il
FTS-102-01-L-S V-le.
DVDD
RI15
[]4k7 1% N Ue .
CIK C N 2 S;ipl Ssgjp? BIl DOUT P
CIK C P ii SSTXnl SSRXnl E;O DOUT N
RESET P s ‘CJEUS g?; Bs | CONV
CLK P as | oy e e CLK N
CIK N ar | o by |5 CIK P
DVALID R ig SBU1 VCONN gi
DCIK N A0 | JBUS VBUS T, DIN C N
DCLK P A | SSRXm2 - SSTXn2 oy DIN C P
SSRXp2  SSTXp2
A2 1 o\p GND BB o
Shell 1 ohied
USB 3.1 Type C Receptacle
GND GND

R16
4k7 1%

Q
Z
w)
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USB-C Connections: Oxford v.1

ZMOD v.1 USB-C Connection Oxford DDC Rev.E USB-C

USB VBUS
VY l l l l
swi ®
c20 c21 c22 c23
1101M2S3CQE2
L 10uF 10uF O.1uF == 0.1uF DDC232 / Input Conn
- ) F1 DWNSTRM_SK1
COM —_— Wurth 632722110112
3 |, — 0438006.WRA — Al GND 1 GND_4| B12
: KUSEX-SLZ.CSINZA-BTR DIN_C_P A2 SSTXP1 SSRxp1 |—B1L DCLK_P
A —|oND_1 GND_4 |12 DIN_C_N AS | SSTXN1 SSRXN1 |—B10 DCLK_N
USBC_DOUT_P SSTXPL SSRXP1 USBC_CLK_CFG_N —= A4 |vBUS 1 VBUS 4|_B9 B
USBC_DOUT_N AS_|SSTXN1L SSRXN1 | B10 USBC_CLK_CFG_P — A5 — —"| B8 RIS
A | pus 1 vBUs 4| B RESET fojca sBu2 2 DVALID_R
USBC_RESET 33 AS_lecer spu2 |28 USBC_DVALID_R_33 DOUT_P DP1 DN2 DOUT_N
USBC_CLK_P A5 op1 onz £ USBC_CLK_N DOUT N AT pN1 pp2 | B6 DOUT P
USBC_CLK_N DN1 DP2 USBC_CLK_P 5 A8 B5 =
USBC_CONV_33 A8_IsBu1 ccz |85 USBC_CC2_18 L A9 \s/ggé ) vsu%cg B4 RESET
A9_|vBUS_2 VBUS_3| B4 AL0 — —° g3
USBC_DIN_CFG_N AL0_| SSRXN2 SSTXN2 | B3 USBC_DCLK_N CLK_N a1l | SSRXN2 SSTXN2 —°) CLK_C_N
USBC_DIN_CFG_P ALl | SoRXP2 SsTxP2 B2 USBC_DCLK_P CLK P SSRXP2 SSTXP2 CLK C P
A2 GND_2 GND_3|—BL A2 GND 2 GND_3|BL
= = = = IITITTI I T
S35 S=
T g 2 F
= = S| = | N M < L{)‘ (O‘
I I I I I I
=== ==
q
CHASSIS
GND GND _ R
GND GND
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USB-C Connections: Oxford v.2 (Proposed)

‘ %
N R

ZMOD v.2 USB-C Connection Oxford DDC Rev.E USB-C

USB_VBUS

BOARD_V
C20 c21 Cc22 Cc23

10uF 10uF 0.1uF 0.1uF
° ° ° ° — DDC232 / Input Conn
0438006.WRA SK1 - DWNSTRM_SK1
KUSBX-SL2-CS1N24-B-TR GND Wurth_632722110112
AL_IGND_1 GND_4 | B12 AL _GND 1 GND_4 B2
DCLK_P m A2 ssTXP1 SSRxp1 —E1L m DINCP DIN.C P A2_|ssTXP1 SSRXP1 [ Bl DCLK_P
DCLK N AS | SSTXNL SSRXN1 [—B10 ® DIN C N DIN_C_N A3 | SSTXNL SSRXN1 —E10 DCLK_N
A4l VBUS 1 VBUS 4| B9 A4 lvBUS_ 1 VBUS_4| B9
RESET m fojccl sBU2 |59 m CONV o1 Header RESET A5 lcer sBu2 B8 DVALID_R
DOUT_P = A7 DP1 DN2 B6 # DOUT_N 37 DOUT_P A6 | pp1 DN2 - B7 DOUT_N
DOUTN o a8 o 2F2 ks ® Dout_P N DOUT_N AT DN1 ppP2 |- E6 DOUT_P
DVALID_R 29 " CONV A8 | sBu1 cca|B° RESET
A0 | &epeiiy samxis| B3 CLK_N RESET = 2 |2 JovBUS 2 vBUS 3 2
RN ALL | sorkbs e B2 m D CLK_N AL0_ | SSRYN2 SSTXN2| B3 CLK_C_N
- - ~ All B2 ——
Al2 | oD 2 GND 3 BL CLK P SSRXP2 SSTXP2 CLK C P
- - - Al2 B1 - -
GND_2 GND_3
£ 2 =
R6 S 5 5 s TTPI 2%
+3V3 4K7 ==== =3
| N ™ <
I I I I
= = = = o o mf m‘ @‘
I I I I I I
=== ==
S E— R19
— o—1{  —o
— DNF L
GND - o
CHASSIS GND GND

GND
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RN USB-C Connections: Oxford DDC Rev.E

{ N
R

Oxford DDC Rev.E USB-C U/S Oxford DDC Rev.E USB-C D/S

USB(\)/BUS USB_VBUS
Daisy chain for next DDC DDC232 / Input Conn
UPSTRM_SK2 DWNSTRM_SK1
Wurth_632722110112 Wurth_632722110112
AL _1GND_1 GND_4| B12 AL GND_1 GND_4 | B12
CLK_DC_P A2_| SSTXPL SSRXp1|BLL CLK_C_DC_P DIN_C_P A2 | ssTXP1 SSRXP1 | BLL DCLK_P
CLK_DC N A3 SSTXN1 SSRXN1 |—B10 CLK_C_DC N DIN_ C N A3 SSTXN1 SSRXN1 | 210 DCLK_N
A \vBUS 1 VBUS_4 | B9 A4 vBUS 1 VBUS_ 4| B9
C RESET : > AZ cc1 sBu2| B8 DVALID_DC RESET AS_Jcet sBuz2 |28 DVALID_R
S AS | pp1 pN2 [—E7 DC_DIN_N DOUT_P AS_Ipp1 DN2 |—B7 DOUT N
DC_DIN_N A; DN1 pp2 B8 - DOUT_N AT__IDN1 pp2 [ BS DOUT_P
CONV_B A8 sBu1 ccz2 |55 RESET CONV A8 sBu1 ccz B8 RESET
A9 lvBUs 2 VBUS_3 B4 A9 |vBUS 2 VBUS 3| B4
DIN_C_DC_N AL0_| SSRXN2 SSTXN2 |—B2 DCLK_DC_N CLK_N AL0_| SSRXN2 SSTXN2 | B3 CLK_ C N
DIN_C_DC_P ALl | sSRxP2 ssTxp2 |- B2 DCLK_DC_P CLK_P ALlL_| 5SRXP2 SsTxp2 B2 CLK C_P
A2 GND 2 GND_3 Bt Bl
GND — —
GND GND
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The Good News

e It works!

« After a few days buggering about with
ZMOD signal assignments, we get the
correct readback pattern:

- 180100000000000000000000VBVVVLLBLVOO
00000000000V 30FV6601

2480F69055
« Can daisychain at least 4 boards!

Readback pattern is identical for all
boards.

« Possible to see a response when one
moves a finger over photodiode
connections (more later...).
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g»‘.\i Channel Reponse: Note Low Noise! 4
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Testing Results

Good News

“Noise”/interference that we have seen
previously has vanished.

Setup extremely stable and repeatable.

Daisy-chaining works exactly as intended:
1-4 boards tested.

Current draw low (at 7 V): will be able to
drive single board from Raspberry Pi USB
bus power only (600 mA/1.6 A).

DDC Boards |Unconfigured |Running |ldle

1 169 mA 182 mA 170 mA
2 322 mA 348 mA | 325 mA
3 479 mA 519 mA [484 mA
4 637 mA 689 mA 643 mA

Bad News

“Upstream” USB-C socket on DDC board
needs rotating 180 degrees: currently all
USB-C board-to-board interconnects need
180 degree twist.

RESET passthrough on DDC does not
come from Schmitt trigger: should be
RESET B.

We cannot fit photodiodes: DDC board is
missing pin inserts.

Not clear whether USB-C cable/connector
shielding is correctly grounded.

Some signals look messy (but everything
still works...).

15/01/2025



Current Correct

USB VBUS USB VBUS
O O
 J
Daisy chain for next DDC Daisy chain for next DDC
UPSTRM_SK2 UPSTRM_SK2
Wurth 632722110112 Wurth_632722110112
AL GND 1 GND_ 4 B12 AL GND 1 GND_4 B2
CLK_DC_P A2_| sSTXP1 SSRxp1 |—B1L CLK_C DC_P DCLK_DC_P A2_| sSTXP1 SSRxp1 |21l DIN_C_DC_P
CLK_DC_N A3 SSTXN1 SSRxN1 B0 CLK_C_DC N DCLK_DC_N A3 SSTXN1 SSRXN1 B0 DIN_C_DC_N
o "% vBUS 1 VBUS 4| 29 o o "% vBUS 1 VBUS 4| B9 ¢
C RESET D AS leel sBuz2 | 28 DVALID_DC AS 1 cel sBu2 | B8 DVALID_DC
DC DN AS_ pp1 DN2 —E7 DC_DIN_N A pp1 DN2 &7 DC_DIN_N
DC_DIN_N AT DN1 pp2| B8 ~ AT DN1 pp2 | B° —BIA
CONV_B A8 IsBu1 cc2 |5 RESET A8 sBu1 cc2|—B RESET B
A9_lvBus 2 VBUS_3 |54 A9_lvBuUS 2 VBUS_3 |24
DIN_C_DC_N ALD__ | SSRXN2 SSTXN2 B3 DCLK_DC_N ALD_| SSRXN2 SSTXN2 B3 CLK_DC_N
DIN_C_DC P ALl SsRxp2 ssTxp2 B2 DCLK_DC_P AL ssRxP2 SSTXP2 /22/ CLK_DC_P
o "2 lgnp 2 GND 3Bl ¢ .&Vﬁ;‘
- N M < n O — N M < n O
j e e i I T Ju e i . I I
S35 s3= OUtpUt, nOt _— 3%z i:
5 - 2
- N| M < n O - | N| M < n ©
1371 £ iInput of U8 2387 £

ND GND GND GND
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Photodiode Pin Inserts

« DDC boards need pin receptacles 0566

0566-X-15-XX-21-XX-10-0

SOlderEd to board tO take Solder mount in .039 min. mounting hole
hOtO d|O de IegS g.éseoca;.'\;arlga}glredg?aglgmm wide carrier tape:

p ) See page 194.3 for Tape & Reel details Basic Part | Length | Parts per

— Need to plug and remove. s s | Number L | 13"Reel

— Adds small amount of elasticity. L l_'élif’ A 05661 | 083 | 3000
e Mill-Max: PR | | 0566-2 | .138 | 2,100

— 0566-1-15-15-21-27-10-0

— 2 per diode. .

— 64 per board Sor .

p - .

* Avallable from Mouser, Digikey,
Farnell. %

« Can they be retrofitted to existing

boards? https://www.mill-max.com/products/pin-receptacle/receptacle-
with-no-tail/0566/0566-1-15-15-21-27-10-0
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Signal Ringing

« Some of the digital pulses on the
board look..."“interesting”...

 Lots of ringing on rising and falling
edges.

« Single-ended RESET pulses become
more distorted: perhaps due to non-
buffering from Schmitt trigger?

Do USB-C signals need terminating on
DDC board? Shouldn’t LVDS buffers
etc. be enough?

« May also be due to poor/incorrect

termination on scope probe: ringing/'

not seen with differential probe.

« DAQ still seems to function perfectly
despite this...
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RESET Signal Ringing

pe

2.5068/s @ U
1000 points _ >36.8ns

Trig’d

Trigger When ; 2.5065/5
& Holdoit | | [2) vl 0.0000ns 1000 points

Source
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Grounding/Shielding

* I'm not sure this is an issue, but worth clarifying. :
Where, if at all, is the USB-C shield supposed to be ZMOD v.2 USB-C Connection
connected to ground?
— Currently connected on both sockets of DDC board but

left open on ZMOD v.2 (R19, DNF). BOARD_V l l l l
— Not connected anywhere on Cosylab design: reason for c20 e e Locas

. 10uF 10uF 0.1uF 0.1uF
noise...? o T T T T -
[ - ® ® L ®

USB-C SpeCS Say. 0438006.WRA SK1 ?
— 11. The receptacle shell shall be connected to the PCB | KUSBXSL2CSINABTR GND
gI‘OUI’ld plane- DCLK_P = :i gg?)?;l sgggﬁi 213 m DIN_C_P
— 12. All VBUS pins shall be connected together in the pere T MllaUss  veus.4l B = ome
USB Type-C plug. bOUT P m % e “one | = DOUT N 2 Header
— 13. All Ground return pins shall be connected together in OVALD R B | S oo o " Pourr 1]
the USB Type-C plug. ST omosE Sme R ogmy etk
« So this implies that shield should be connected to o n CUERNNEUE S )
ground at every socket. N
* Where is “chassis” on ZMOD? oS H
* Modify ZMOD with OR at R19...7?
 https://www.usb.org/document-library/usb-type-cr-

cable-and-connector- specification- release-24 -

S Jolly: Oxford QUARC Electronics 15/01/2025


https://www.usb.org/document-library/usb-type-cr-cable-and-connector-specification-release-24
https://www.usb.org/document-library/usb-type-cr-cable-and-connector-specification-release-24

DDC Board Upstream USB-C Connector

DDC Rev.E USB-C U/S (Updated)

USBKXBUS
Daisy chain for next DDC
UPSTRM_SK2
Wurth 632722110112
AL GND 1 GND_4 B2
DCLK_DC_P AZ_|ssTXPL ssrxp1 | B1L DIN_C_DC_P
DCLK_DC_N A3 SSTXNI SSRXN1 | B0 DIN_C_DC_N
o "4 vBUS 1 VBUS 429 ¢
RESET_B AS_lcer sBuz2 | 2 DVALID_DC
DC_DIN_P A6 Ipp1 DN2 B DC_DIN_N
DC_DIN_N AT_IpN1 pp2 | B6 DC_DIN_P
CONV_B A8 | sBu1 ccz| B° RESET B
A9 _lvBuUS 2 VBUS_3 |24
CLK_C_DC_N AL0_ | SSRXN2 SSTXN2| B3 CLK_DC_N
CLK_ C DC P ALL_| SSRXP2 ssTxp2 B2 CLK_DC_P
o "2 _GND 2 GND 3L ¢
- N M < n O
Ju e i . I T
==== ==
I I I T I I
= === = =
GND GND
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DDC Rev.E USB-C D/S

DIN.C_P
DIN_C_N

RESET
DOUT_P
DOUT N

CONV

CLK_N
CLK_P

USB_VBUS

DDC232 / Input Conn

DWNSTRM_SK1
Wurth_632722110112

Al GND 1 GND_4|—B12
A2 ssTXP1 SSRxp1 | B1L
A3 | 5sTXN1 SSRxN1 | B10
o " JvBus 1 VBUS_ 4| B9 ¢
AS el sBU2| B8
A6 pp1 pN2 | B7
AT__pN1 pp2 | B8
A8 spu1 cca B
A9 vBUS 2 VvBUS 3| B4
ALO | SSRXN2 SsTXN2 | B3
ALl | ssRxp2 ssTxp2 | B2
o A2 GND 2 GND_3|-BL o

TTEI B2

S5 sSs

| | M| < n| ©

I I | T I T

S === = =

DCLK_P
DCLK_N

DVALID_R
DOUT_N
DOUT_P
RESET

CLK_C_N
CLK C P
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Conclusion

* Design is sound for both ZMOD and DDC boards.
* NO changes needed for ZMOD to work:

— Just check USB-C ground-shield connection. Fit R19?
« DDC board design works but small mods needed.:

— Add pin receptacles to take photodiodes.

— Rotate upstream USB-C socket (wiring) by 180 degrees so match
downstream orientation.

— Pass Schmitt triggered RESET_B to upstream socket, not RESET.

« Cause of ringing/distortion of square pulses? Is this an issue?
DDC boards seem to work...
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