T I 2 I 3 I L} I 5 [
+3.3V +3.3V +1V2 Manually calibrated
R12
FX2 3V3 decoupling FPGA 1V2 decoupling +3.3V <—{T0K} B s D1 GRN
R13
LED_CY Y
FX2 boot 12C addrs: ¢ 2D 02 WHT
1010000 u7 ul ul ul ul 4u7 ul ul ul ul LED_FPGA R14 an
A 1010001 =208 e 03 BLU
R15
e e LEDACT oy 274 04 or
. N N R16
a R9 LED_ERR 7
Imax(USB) @ 3V3 = 80 mA +3.3V z ————"{I}—P}f—9 v5RED
Imax @ 3V3 = 209 mA FPGA reset asserted v
u1 m| o CY7C68013A-56LTX © on tristate GND
¢ ¢ eosrooft? 3(1) FPGA_DONE A FPGARESET 10_Banks
= PBL/FD1 ;g o7 = KBlcpone o TRESET[ET Enva [ Addr A DAC: 0001110
ey S 2102002 g v POl | s B oo
m XTALOUT 4 b2 D& L1 PKTEND SDA Addr B Pull: 0100001
+1V2 P9 XTALOUT PB4/FD4 108_56 L1 _EIERD b SDA :
b3 D5 3 FLAGD ScL Addr A ADC: 1000000
TPL7 w Y1 PB5/FD5 I0B_ 57 F=—7— D SCL Addr B ADC: 1000001
SDA %P b D6 12 AL +5V — r :
SCL TP10 2 :] 4 g PB6/FD6 b5 D7 10B_61 EAO— ALERT H ALERT SMBus ARA: 0001100
P11 o1 bum V& PB7/FD7 L] ey a— CLKREF
O P2 AN PDO,/FDB ﬁ—L ENVA 10B_64 ioz— ST CLKREF
S]XTALIN PDL/FDY 28 op_7a B8 16 — ) +3.3V
) GND 47 LED_CY R18 =] L4 FLAGC +5V File: io_banks.kicad_sch
Rear testpaints % PD2/FD10F e TE5 FRGA ok 5 108721 ATERT vt
GND PD3/FD11 8 =2 10B_73 K&
u1s +5V NTPL PD4/FD12 "QI.EW 10B_78 iw -
B PWR_FLAG  1pD35014 PWR_FLAG PD5/FD13 P9 —EOEXR ENvB 10B_79 K8 e GND <| APXB11-40UG-7 Keep CY_RESET &
IN ouTh CY_RESET PD6/FD14 22 R19 o 10B_81_GBINS L3 b S active for 5 msec
5 LYRESET 42 preer PD7/FD15 2% 2 108_82_cBIN [KE KT MR 3|on S eeerr|2 U7 after 3.3V switches on
o D FEETRY v o D& o8 g6 2701 MR RESET o
PWR_FLAG N2 D2 < 1 RD -9 4700 S D24 ™ o
vt = RDY0/SLRD [ —— 10887 25— 2 BATS4AW e
~ RDYL/SLWR[Z ¥R 1088987 20 T Torn on at 3 CYRESET
105_o1 |28 SPA VBUS >4,0V |
GND FB1 GND USB_P tFCLK 3 Eti::zr 108_94 |- E;AGA i u
600R, 0.5A = 81D+ cLkouT [R4 CLKRER 10B_103_CBSELOFLB 20 -
J1 USB_C_USB2.0 USBN o H9 SCL
WBUS 2 D— S 108_104_cBsEL1 I 2CE c8
L Al e - 29 FLAGA ALERT
VBUSH CTLO/FLAGA[RS 252 - Cycle +3.3V
TP13 CTLA/FLAGB B2 FLAGB @ ; A u3oc on reset to | +5V ug +3.3V GND
A5 cct 1 FLAGC i ICE4OHXBK-BG121 4 1yp  *+3-3V get 12C peri- TLV75533PDRVR
coag£S ) CTL2/FLAGC [PLTEASC R17 + A 0001000 Sherals hito . . 3
cc2g [ r ] GND GND clean state. IN ouT —O 500 mA @ 3V3
P16 o PAQ,/TNTO P2 R # o S5lne Nef2
A7 [ e Bk ENER a
0-c-A7 - 14 PAL/INTL |2 2W<R>-§>LAG Cwt & A reset of U1 switches off EN = - C28
D—o SDA PA2,/SLOE oza & he Vio requlator
A6 SCL 15 56 R31 >HE ) the Vio requlators due to 4u7 ) Ly7
D+ ® scL PA3/WU2 S +1v2 - VCCPLLO & )6 |yccpiio o ol S pulldowns.” The RST button 57
D+CLi PA4/FIOADDRO L - 1001 be i Lo goa ¢ is designed to be usable
38 AL > as emergency off button.
. S & Jg PAS/FIOADDRA BB N a7 s 108_105_sp0 [ K2 D3 GND GND
9 ag O2LDIIRSS P4 TPS 2 PAG/PKTEND | —FTaco \JB[2 R32 TSN0PELO T 16 voi 1o 05406, 601 [22 22 GND
o o sBuiABy 3 PA7/FLAGD/3LCS (1O THASD. NRle VCCPLLL © C6 00N oD4 +5V N u36 V2
z Z  spuad-B8x 5 g e [T00R) > 9-L81vecpiLt 108_107_sck 82 ’[ TLV73312PQDRVR
& 2 a z 2 . I 4 €80 c79 10B_108_S5 . +5V A . P2
o 2 GND @ X O w bl Ly7 T c87 IN ouT —O 300 mA @ 1V2
a p= TP14 T Y IC‘NDﬁ-]Ll C5] GNDPLLL 2 150u i NC o Nel2
>—I <) 5V bulk decoupling EN =
< CLKIF _ 1os U30E i 19&1{ vzq\t;fredhto‘ A 7JL m" — 27
- GND withstan io shor u
END CLKREF_o 1 ICE4OHXBK-BG121 | o o 4u7
<~
Imax @ 3V3 = 5 mA Imax @ 3V3 = 3 mA GND
+3.3V +3.3V +3.3V GND GND
+3.3V +3.3V
3.3y ICE_MEM FX2_MEM
U2 oof CAT24MO1X one U3 o BL24C256A—SFRC
3] 5 SDA 1 [} 5 SDA
< SDA AO < SDA
C15 >&A1 : scL 6 sCL C17 g A Z scL f7> SCL Glasgow Debug Tool
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Manually calibrated
R11
ut S 06 LU
R20
u2 > 274 b7 PNK
R21
u3 174 08 whT
+3.3V R22
Uk 77
Synchronization_input/output accommodates multiple 1/0 standards: Vil=0.8V, Vih=2.0V. > p D9 PNK
* Nominally, SYNC is open—drain and 3.3V, with weak internal pull—up. R23
us 77
J_ c85 +3.3V  * Nevertheless, SYNC can be connected to 5\{ circuits direct.ly. = »D10BLU
u us2 " Care musk be taken to aveld contention. Nevertheless. twe Glasgows ~
ha/ B SN7"LVC1T"SDCK5 ™ contending on SYNC will not exceed absolute maximum ratings. PWR_FLAG GND
o § § 19 A 47 ohm series resistor is recommended for other drivers. VIO_AUX
> > =R J4 . .

- SYNC 2 The LVDS connector J5 is considered a
> 3a {%} B 1 €33 €92 secondary connector and will only be
5] R45 a R38 D11 o ul 4u7 available on revC devices. revD and
bl 5 DIR = ESD575.0T1G6 ) further are planned to use different
+ Rio © " cannectars.

N |
- $GND GD 3V 8 GND GND Ports A and B are the preferred
©| Auxiliary connector that +3 o connectors for addons instead.
= b d fi >
) ™ 3 3 imenting with addons. ° 10L_2A}BL Z0-P I5 3.3V
o GND S 599 There is no guarantee & 1L 25| B2 Z0N PinHeader_2x22_P1.27mrf
8 9 9 that this connector will = C4 Z1_P 1 2
4 ol 2B GND be kept in future revisions. 9' Ilgll.-_ll:é 3 ZLN 71N 3 m
10T_168 [ALL R39 ZAD2ZN s L1 S 0L A €2 22-P Z11.P 5 6
10T_170 [A10 oy 21 [ one b85 oL ealct 22N 7 g ZipP
10T_172 gg 556 =1 3L o 10R_114 ,ﬁinm 1oL 8 [EL Z3-P 7187 9 10 ZIPN
:8?1;; B8 DAL Ri3 10_Buffer_A AUX :82‘112 H10DB4 10_Buffer_B 10L_8B 3; ;3."; Z10.N ié iﬁ 7N
10T_178 = 27 ENAD—DEN  viop—10A 10R_117 Jégﬁgﬁ ENVBD— EN vio D—‘WOB oon[o3 Z5N 8% 15 16 29.P
107179 TTERT ITERT Addr DAC: 0001110 I0R_118 TEaT ITERT Addr DAC: 0001101 ToalE2 Z5-P Z8 N 17 18
loT_181 {07 282 ALERTD—p ALERT Addr ADC: 1000000 loR_110 111083 ALERTD—p ALERT Addr ADC: 1000001 I'gtiigBA £3 Z5.N 19 20 71N
10T_190 | A8 SDAD—D SDA Addr Pull: 0100000 10R_120 610 SDAD—D SDA Addr Pull: 0100001 F1 Z6_P 287 51 55 Z1.P
C7 DAQ SMBus ARA: 0001100 G9 Ul SMBus ARA: 0001100 10L_12AF—=——
I0T_191 s sCcLD—p SCL us ARA: I0R 1282555 SCLD—pP SCL Y ' (0L 128 [ F2.Z6-N Z8.N 23 24
10719252 oren]  [3.3V <—b aproAC IR 129 5 QB7 GND —P> ADRDAC 10L_13A 4 Z7P 25 26 25N
10T_197_GBIN1 I0R_136 F3 Z7_N Z3 P 27 28 Z5. P
10T_108_GBIND | BE Al GND D ADRADC 10R_1371F2 DBO 3.3V <— ADRADC 10L_13B_GBIN7 (c1 Z6.P >8P 3N 9 30 =
T 0T 206 126 GND B ADRPULL |OR_140.CBIN |F11QB6 ADRPULL 10L_14A_GBING (cp 78N 28N = = 2 70p
— A - S l. ! !
107_207 [ A5 QA7 DAGL R0 @od] I0R_141_GBIN2 551903.’?4 DBO, piro Qo280 'Ig"l_:inBA 63 29_P 22V 33 34 ZHN
10T_208 BS QA5 Q1 G |OR_144 U5 D DIRL Q1 G 0L 178 H3 Z9_N Z2P35] {36 )
I0T_211 [Al HAS Q24 10R_146 (E8- DoiR2 24 oL 184 [ H1Z10P 37 38 ZIIN
loT_212fP5 Q34 10R_147 [22 385 DDIRS Q34 loL 185 [H2Z10N 287 39 4o Z1.P
loT_219 B4 a2 Qs I0R_148 511%3 DoIRe Qs oL 234 [ J1Z11P Z0N 41 42
loT_221 [B3 At 54 I0R_152 011%2 DDIRS Q54 oL 238 [KIZLLN 43 4y ] vio_Aux
10T_222 A2 a3 6.4 I0R_154 010931 DDIRE Q64 oL 254 | K2Z12P C S
10T_223 [A3 a74 10R_160 [¢11 boR7  a74 J2712_N .
107_225 [AL QA 10R_161 [BL1950 OL25E <~
~ File: io_buffer.kicad ~ File: io_buffer.kicad_s¢h GND
ICE4OHX8K-BG121 A CE4OHX8K-BG121 CE4OHX8K-BG121
U30A bt u3oB u3obp
¢ The LVDS connector J5 just The iCE40 LVDS buffers require external
o has minimal ESD protection. termination, which is expected to be provided

L__ Balls B6 and B7 correspond to GBINO/1, whose |/0 buffers are shared

with one of the PLLs. When the PLL is used, it replaces the input buffer,

and so the pin input is no longer directly available. Because of this quirk

of the iCE40 architecture, two common goals are in direct conflict:

* If an applet is clocked externally, this clock should ideally be provided
on a GBINx pin. (This is recommended but not strictly necessary as it is

generally OK for a clock to traverse a small amount of iCE4O fabric.)
* If an applet is using the PLL co—located with the GBINO pin and clocking
it internally, the GBINO pin input buffer is lost, and GBINL pin input buffer
may be lost as well depending on the chosen PLL configuration.
To resolve this conflict, the 1/0 pins mapped to GBINO/1 are mapped to
a different pin (balls B5 and A6) as well, giving gateware maximum flexibility.

Use appropriate ESD handling
procedures. Plug and unplug
only in completely unpowered
state.

on a specially designed daughterboard.

Suggested mating connector:
Samtec FLE-122-01-G-DV-A
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Imax @ 3V3 = 32 mA each
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C34 C38 22RE H B B OE ah2 SH H & & OH Ny 023 c5 C56
I ul SP3012-06UTG |7 vy ¥ vy ¥ = vy ¥ ¥| ¥|||SP3012-06UTG ul ul
l S 3 l e e e e LFT‘ T Tl T
o O ~| o] o] o | T[] T [ D | T N R RN EE
GND 5 A % a4 GND VIO 1 J< J< =N ADC/DAC decoupling A
+3.3V
5 a
DIROD—DIR = VIO
z Addr (ADRADC=L): 1000000
~ U4 42 c49 R58 Addr (ADRADC=H): 1000001
$ ONTALVCATASDCKR ! ! CDSOD323-T36S Addr (ADRADC=SDA): 1000010
LV vl - o u Addr (ADRADC=SCL): 1000011
GND S « oLy Addr (SMBus ARA): 0001100
o o
RN7 GND 5| > |, GND RN9 VSENSE _ GND GND GND - GND -
33R T3 A {?FF B 33R 1——2 Vio 3
X0 +3. YO — 20 3 L R60 H
Qo 5 2 — g Imax @ 3V3 = 0.4 mA
a1 o H io DIRID—DIR 3 = s 6 Abs. max U2t o INA233
Q2 G €35 €39 R V3= 73 1 8 B | vbus £ afL GND
Q3 s ul SN74LVCAT45DCKR — 9 104 g 2
Xl Y4 b =] Zh 11 12 Cco1 e 1 AQ F=—<JADRADC
s X5 S 3 GND o — 75 < Shunt diff input rangg -
Qs . g § = = 13 14 3 -81.9 to 81.9 mV - on
GND GND ) 15 f16 ] @ = 546 mA max H—a
Sg 5 X7 31p {?Fk B4 v73 ET T 7747 8] < Vin+ SCLs—GSCL
5 S +3.3V i 19 Tz vin-
RNB DIR2D{DR 2 VIO RN10 X GND S ien
A 2 33R 2 169 kHz - B
~ U6 c43 €50 1 GND
SN74LVCAT45DCKR ul 9 ul 2 RS54
GND s = 3| +3.3V BAT54CWn
g ¢ N
GND 5f, {?FF gla GNP +3.3V 592 Imax @ V3 = 0.16 mA &
+3.3V vio 6 g U20 | DAC0B1COBLCIMK o
>
E VIO pIR3I—SDIR 2 ; S sclo—2scL S Lo B33 yeg
=z D
€36 Lo o uie th ° ADR;E?D—G :320 S ot P19
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I § 5] I GND ?gﬂt] [] [] []|[] [] [] []| Eg:‘z Functional equivalents:m
o g g9 o GND — DAC101COB1CIMK Addr (ADR=L): 0001101
3, {?FF N o o~ oo o fo [~ oo ~ DACI2LCOBACIMK 7 Addr (ADR=H): 0001110
4 PO 1
s 2 +3.3V PO 5 PL 2 See github issue
DIR4D—={DIR z VIO P1 6 P2 3 © #135 for details
P =}
N 0 & cu7 c51 K Er N
SN74LVCAT45DCKR e ul o 5] |92 eo | Rst
d _ 150
GND g a« ps [10 AN R '('ggg gﬂ’yp*) 150-500 mA L | PwRr FLAG
S < g S P6 11 P6 7 © U31 TPS73101DBV C
o
31a {%F e ADRPULLD—2]{ ADDR 2 p7 [12 P78l |z LN ouT v
+3.3V ] Addr gADR L)) 0100000 EN Slen FB14 s
5 2 Adar (ADR=H): 0100001 _ o 3 ~
H io DIRSO—DIR 3 U19 | PCA6LOBAPW 3 47 R3"
€37 Ch1 ~ Ui/ ~
i o o ul SN74LVCAT45DCKR
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S 8 GND GND 82 <:59 o GND R35
GND BB GND ““7 -
3|5 4@ a4
+3.3V % B
5 a GND
DIR6D—={DIR 5 VIO ND GND
~_ Ui0 & C48 €52
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Imax @ 3V3 = 32 mA each
Imax @ Vtg = 32 mA each +3.3V
+3.3V 1) =1 o) 2
e GND Y ¥ ¥ ¥ ¥ ¥ Y ¥ ¥ ¥ ¥ ¥
€60 lcet. o IRE & & & | hy eLe ¢ ¥ ¥ ¥ by b2t 3 32
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I S 3 I e e e LFT‘*‘*‘*‘*
| N ™ ] ~| N ™ =
oo - g ¢ , G o ~[ o] o] o] <] T 1| T ~[ ] A NJ(«) oJ(o EEDRENNNEE ADC/DAC decoupting A
A {?Fk B
+3.3V
5 a
DIROD—2JDIR 2 E VIO Addr (ADRADC=L): 1000000
= > R57 Addr (ADRADC=H): 1000001
i €68 €72 CDSO0D323-T369 Addr (ADRADC=5DA}: 1000010
SN74LVCAT45DCKR oA o ul ddr (ADRADC —ocls: 1000011
GND S = 6 Addr (SMBus ARA): 0001100
g g GND GND  GND GND
RN1 GND 5| > |, GND RN3 VSENSE L33y
3R 3.3v st 33R - ‘
X0 +3. YO — 3 4 5 H
— = 0.4 mA
82 X1 E VIO DIRID—2DIR 2 vii|— 71 5 6 Abs. max vo o MgV =04 m
Y2 2|—] 72 —0. 40
Q2 X2 c61 c65 N 026 (— 73 L 8 03 = Vous < Blyhys £ aft GND
Q3 X3 e ol SN74LVCATASDCKR :2 — e 10 ¢ o Icgo us rolZ T horanc
Q4 Xk T GND = 11 12 © Shunt diff input rangg =
s X5 g B Y5 i)l — gg 13 14 L oz ~81.9 to 81.9 mV conlh oo
X6 > = GND Y6 4 15 16 0 = 546 mA max PR
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RN2 DIR2D—2{DIR 2 VIO RN x C- X GND 5 Alert
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GND 5f, {?FF gla GNP oo~ fo o~ o - DACI21COBLCIMK 7 Addr (ADR=H): 0001110
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