CPGA196

1 [ 2 | RS | L | 5 | 6
[
Power Status LEDs/test points
Voltage Regulators — 33, 1V8, 1V0 e ettt e e e e e e
DONE oo : . Power Indicator : A
| | [ DONE LA N . \‘/ngg :
File: pd.kicad_sch R = 95 (rounding up) .
- The DONE pin has an internal
Decaps : 10k pull—up resistor. It is pulled high when Y o
Decaps . config is finished. -
: 100 ||
I\ Q5
P I T I R I A ) ) BS170F
File: decap.kicad_sch : lNlT
Config + Programming : ; : e :
Config + Programming : INT_B o l’zﬂ]mm : ........................ .
. When pulled high the FPGA proceeds with configured
. initialization per M[2:0] pins. Expose a test pad here .
FHE: DEHDhEraLS.kICBd,S[h oooooooooooooooooooooooooooooooooooooooooo .
Board —> Outside World e : 1
. SPI testpoints :
: R LA
; -
File: pinout_external.kicad_sch : 123’:0"“ : +1V0 <—O ;;;to o
FPGA : I[EgtPofnt E CRD H TestPoint e
AT S
File: fpga.kicad_sch
To look at subsheets,
[
double click the above boxes
c L
o r u Se th e lEft L S c h e m ati c H ie ra rc h y' 2 g:nzget?;l/’c;uof Texas at Austin / Phoenix Semiconductor
[ File: sip—board.kicad_sch D
pa ne tO C ll C k on th em. Title: Z80 Drop In SIP Board
Size: Ak [ Date: Rev: 3
KiCad E.D.A. 0.0.0 id: 1/6
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R26

100k vers 3V3 Enable

EN2

1 1V8 Enable

IC3 R23

3.48k, 1%

L2

GND 165 max | = 600mA

Q2A :
MBT3904DW1 ,

cC_1vo

Swi EN3

+1Vo

1v0 c2 R28 €SS | :

vce_ivo Q1B

MBT3904DW1|

ﬂ

T 20p 30k 22u
FB1 GND

13 1N PGOOD |
15V <14 1gng PVIN2 |3 ——— 45y | 120k, 1%
| R29

| GND gpza2 PGND3 sw2l2—
| 16 fow3 PaND2—E—] GND

.
.....................

L1

3u3
TF ~"" max | = 700mA

+1v8
1va Ch R30 G5
20p 150k 10u
FB2 GND

120k, 1%
| R31

..............................

cc_ive

\

L3
2u2
| T max | = 700mA

VCC_3V3

+3V3
| V3 Cé R32 C39

T 20p 180k 10u
| FB3 O

57.6k, 1%

- -

https://s3-us—west—2.amazonaws.com/digilent/resources/programmable—logic/cmod-s7/Cmod+S7_sch—public.pdf

The recommended power—on sequence is VCCINT, VCCBRAM, VCCAUX, and VCCO

to achieve minimum current draw and ensure that the |/0s are 3—stated at power—on.
The recommended power—off sequence is the reverse of the power—on sequence.

If VCCINT and VCCBRAM have the same recommended voltage levels then both can

be powered by the same supply and ramped simultaneously.

If VCCAUX and VCCO have the same recommended voltage levels

then both can be powered by the same supply and ramped simultaneously.

For VCCO voltages of 3.3V in HR 1/0 banks and configuration bank 0 the following conditions apply.

— The voltage difference between VCCO and VCCAUX must not exceed 2.625V C°'””°"Le“ , : :
for longer than TVCCO2VCCAUX for each power—on/off cycle to maintain device reliability levels. tniversityluiliiexssEatIAlst inDAtcenl AsehicoRdReicl

Sheet: /Voltage Regulators — 3V3, 1V8, 1V0/
File: pd.kicad_sch

D
— The TVCCO2VCCAUX time can be allocated in any percentage between the power—on and power—off ramasie.

q q q q q q Size: Ak [ Date: Rev:
There is no recommended sequence for supplies not discussed in this section. o TREA NG d- 278

T I 2 I 3 [ [ [ 5 I




2 | 5]

[

5 I 5

https://docs.amd.com/v/u/en-US/ug483_7Series_PCB

Page 14
VCCINT - 1V0
VCCAUX - 1V8 VCCO banks — 3V3
VCCINT vccoveeo_o
c7 Cc9 ci1 €13 Cc15 Cci6 ci9 c22 Cc25 c28 C31 C34

T 0470 0.470 100u T 4.7u T 4.7u

GND

T 0.47u T 0470 0.47u T 0.470 100u T 47u T &.7u

GND
VCCAUX
VCCoVeCo 14
c8 cio T ci2 Cl4
47u 4707 0.47uT 0.47u 17 €20 1 ¢23 €26 I 29 32 1 ¢35
T 0.47u T 0470 0.47u T 0.470 100u T 47u T &.7u
GND A
VCCOVCCo_34
R cis c21 I c24 €27 1 ¢30 ¢33 L c36
oyl - T 0.47u T 0470 0.47u T 0.470 100u T 47u T &.7u
VCCAUX .
GND
Veeo__ L avs
_—

Table 2-1: Required PCB Capacitor Quantities per Device: Spartan-7 Devices(1)(2)

XC7 PCB
https://docs.amd.com/v/u/en—-US/ug483_7Series_PCB

XC7 Config
https://docs.amd.com/v/u/en-US/ug470_7Series_Config

Decoupling Capacitors

guide

Veeint Vcceram Vecaux Vcco (per Bank)
Package Device 47 pF or
330 UF | 100 W | 4.7 i |0.47 uF| 100 UF |47 UF | 4.7 uF |0.47 uF |47 uF | 4.7 iF 047 pF | 00k 0 4.7 U | 0.47 uF
CPGA19 | XC7S6 0 1 1 0 1 1 1 1 1 2 1 2 4
CSGA225 | XC7S6 0 1 1 0 1 1 1 1 1 2 1 2 4
FTGB196 XC756 0 1 1 0 1 1 1 1 1 2 1 2 4
CPGA19 | XC7515 0 1 2 0 1 1 1 1 1 2 1 2 4 N

university of Texas at Austin / Phoenix Semiconductor

Sheet: /Decaps/
File: decap.kicad_sch

Title:

Size: A4 [ Date: Rev:

KiCad E.D.A. 9.0.0 Id: 3/6
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IBoot Configuration JTAG Connector '
(o] (o] o A
g g g M[2:0] = 001 for Conn_02x03_0dd_Even
S S S Master SPI config 10— 2 acTws
CFG1 g o o [JTAGTD >————— JTAGJCK
+3V3 SW_DIPx03 (= & & M[2:0] = 101 for ?5: <8 CITac_ oo |A
1fo—5l6 JTAG programming
2l 65> GND
3l o—5 14
We aren’t dalsy chaining any
R7 RS RO JTAG pins, so we thGn41:7(rlmed pull—ups, per
1k 1k 1k
GND  GND  GND -
L https://www.tag—connect.com/wp—content/uploads/bsk—pdf—-manager/2019/12/
Reset Logic
T Active low
B
UG470 7-Serles pg.25
Ss1
EVQ-P2RO2W
NO_1 coM_2 ;
COM_1 GND j
NO_2
GND
c37
10u I L
GND
GND L ¢
vavs SEE UGHTO pg27
&l +3V3 i &= Need pull-ups on DQ2/3, CS
R6
a - ey MT25QL512ABBLEW9—OSIT T ]' 10u
[Spics ki L foy veef-8
SPL_DQ1 —2 {pa1 DQ3/HOLD# | &< SPLDAs |
SPLDQ: 3 wt/paz c R10 9
vss DQO
Per datasheet, W# must be ? e (|
lled high initiall
p:o eenat‘)?e v‘/zw"t‘eas,y GND [ s
regardless of current mode
o
Going with MT25QL512 ...
A directly supported by Vivado
Cannor Leu
— - University of Texas at Austin / Phoenix Semiconductor
Sheet: /Config + Programming/
File: peripherals.kicad_sch D
Title:
Size: A4 [ Date: Rev:
KiCad E.D.A. 9.0.0 Id: 4/6
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Pins 21-40
(ascending order)

+5V

3V3<—->5V level shifters
(FPGA <—> Z80 System)

PinS 1—20 We want pullup on OE
(ascending order)

+3V3

+3V3 +5V
ﬂ L1 JA ﬂ LVL6 JA
A Ve A vee_ B 12 Vec A vec_B 13
ALL_FPGA Y2 A1 p1 14 RD_FPGA Y2 A1 p1 14
ALD_FPGA % A2 B2 1—90 WR_FPGA % A2 B2 1—90
ALS FPGA -1 A3 83 31 BUSAK_FPGA - A3 83 31
ALL_FPGA 1> A4 By -8 WAIT_FPGA -2 Al B4 S CWAT_BV
. L] .
15 Gnp 0F L[> +3V3 16 £ > +3V3 Right side of board’s
NXB0104-50T1174-1 (XQFNL2) 100k NXB0104-50T1174-1 (XQFNL2) 100k a o
oo oo pinouts might need to be
L]
GND GND vertically swapped due to
+3V3 +5V +3V3 +5V rotation/flipping of level
t L2 t LvL7 shifters — TBD
Ve A vec_B 13 Vec A vec_B 13
AL 81 L4 A15 BV BUSRQ_FPGA )2 A1 p1 14
[CLK > A2 249 RESET_FPGA % A2 249
D4_FPGA N A3 3 - 14 A3 3 -
Al By -8 15 a4 By -8
16 GND 2 16 GND £
J NXB0104-50T1174~1 (XQFN12) J NXB0104-50T1174~1 (XQFN12)
GND GND
+3V3 +5V +3V3 +5V
s o Z80 System Connectors
L]
o vcc_Bi_‘f ﬂ#vm vcc_Bi_‘f DNP - castellated hole footprint
[D5_FPGA Y2 AL 81 14(p5 5V 2 p1 14 L
D6_FPGA % A2 B2 1—90 D6_5V AO_FPGA B2 1—90 AO_5V AL
-—> - A3 83 3 AL_FPGA 83 (A1 5V B
V) on D2_FPGA N> A4 B4 -8 D2 5V B4 8LA2 BV
Z80 16 cND ofF > +3v3 16 0E-Ll > +3v3
NXB0104-50T1174~1 (XQFN12) NXB0104-50T1174~1 (XQFN12)
100k 100k
R2 R14
GND GND
+3V3 +3V3 +5V 335 D
. LVL4 LVLO Conn_01x10_P A0_5V
2= 12 /L s 1‘j\ Conn_01x10_Pi (ALSV |
Ve A vec_B 13 Ve A vec_B 13 o
D7_FPGA %Ai 31% 2 a1 31% A3 5V
DO_FPGA - A2 8219 Ab_FPGA 3> A2 82 L3R4 5V Ah_5V
DLFPGA j-1- A3 83 31 A5_FPGA 3+ A3 83 2 (A5 5V
[ INT_FPGA }>- A4 B4 — A6_FPGA > A4 B4 ~(A6_5V
A7_5V
o NXB0104-S0T1174-1 (XQFNL2) 4 o %ﬂgowsoumd (xwng) lﬂ% N
100k A9_5V
R13 Conn_01x10_P CALO5V |
GND GND
+3V3 +3V3 +5V &£
ﬂ LVL5 ﬂ LVL10
1 vec_B 13 Vec A vec_B 13
[ NMI_FPGA ¥2 31% A7_FPGA %Ai 31%
B2 55 AB_FPGA = A2 B2 L4 Connor Leu
3 - AQ_FPGA 3 A3 3 -2 University of Texas at Austin / Phoenix Semiconductor
By -8 ALO_FPGA Y- A4 By -8 Sheet: /Pinout/
2 6 7 File: pinout_external.kicad_sch
L— GND o 4 L—— GND OF -H—[F—> +3v3
NXB0104-50T1174~1 (XQFN12) NXB0104-50T1174~1 (XQFN12) 100k Tltle:
R12 Size: A4 [ Date: Rev:
GND GND KiCad E.D.A. 9.0.0 Id: 5/6
T I 2 I 3 [ [ [ 5 [




‘CLK" signal is routed

=2 into H4 (MRCC) as it can be
XC7515-1CPGALI6C

m - used in global clock tree
GND GND_1 10_L15N_T2_0Qs_34 -2 DO_FPGA{p i i i
AL4_FPGA 10_LLN_TO_34 10_L14N_T2_SRCC_34 |-H2— his must bet C?”I'g:f.rlEd in the a
AL3_FPGA 10_L1P_TO_34 10_L14P_T2_SRCC_34 -H3— constraints Tile
A12_FPGA 10_L2N_T0_34 10_L13p_T2_MRCC_34 [ (ik]
ATL_FPGA 10_L4N_TO_34 GND_29 115 oD VCOINT
GND GND_2 VCCINT_5[-HE
[sPisck_ccLk :g CCLK_0 NC_6 %x VCCBRAM
JTAG_TCK TCK_0 NC_7 B VCCINB—> +1V0 Table 2-2- Configuration M Pins (Table 1 of 2
IO_LloN_TO_DOS_iln GND_30HI— oD o VCCAUX able onfiguration Mode s (Table 1 of 2)
%A10]|0_(3N_T0_DQS_EMCCLK_14 VCCo_14_2 :12»(, —> +1v8 Master SPI
GND_3 IO_L13P_T2_MRCC_1‘|W - veeo Pin N E JTAG Slave Master
10_L2N_T0_D03_14 10_L43N_T2_MRCC_14 12 5] —> +3V3 In Name 5 (Only) Serial Serial
10_0_14 10_L14N_T2_SRCC_14 L3 o = x1 X2 x4
GND_4 10_L45N_T2_DQS_DOUT_CS0_B_14 [HL4
10_L5N_TO_34 10_L15P_T2_DQs_34 |21 CFGBVS 0 CFGBVS CFGBVS CFGBVS CFGBVS CFGBVS CFGBVS
10_L5P_TO_34 GND_31 jg IS GND
GND_5 10_L16N_T2_ 34— — M[2:0] 0 M[2:0]=101 M[2:0]=111 M[2:0]=000 M[2:0]=001 M[2:0]=001 M[2:0]=001
10_L2P_T0_34 10_L16P_T2_34 [
—B5 110_L3N_To_DQsS_34 veeo_34_ 325
86 {1071 4P T0_34 GND_32%{> GND TCK 0 TCK TCK TCK TCK TCK TCK
NC_1 DXN_0
GND.6 oxp_o|-28 GND T™S 0 TMS TMS TMS T™MS T™MS TMS
" T VCCINT
UGATO pg 22 —B9 110_L4P_To_DO4_14 VCCINT 6 =9
« 10_L3P_TO_DQS_PUDC_B_14 GND_33=—=—{> GND TDI 0 TDI TDI TDI TDI TDI TDI
-1 10_L2P_TO_D02_14 10_L16N_T2_D31_14 %
S 10_L5N_T0_D07_14 GND_34 S GND TDO 0 TDO TDO TDO TDO TDO TDO
& GND_7 10_L14P_T2_SRCC_14 413~
10_L7N_T1_D10_14 10_L15P_T2_DQS_RDWR_B_14 |14
o T 3 o T 5 PROGRAM B 0 PROGRAM B PROGRAM B PROGRAM B PROGRAM B PROGRAM B PROGRAM B
10_L7P_T1_34 10_L18N_T2_34 | K2
DR LGP TP ﬁz INIT_B 0 INIT_B INIT_B INIT_B INIT B INIT B INIT_B
10_L6N_TO_VREF_34 GND_35
10_L3P_T0_DQS_34 GND_36|-K3 T DONE 0 DONE DONE DONE DONE DONE DONE
€6 1GNp_s VCCINT_7 [-KE6—
C7 | yccaram_t anp_37 KT CCLK 0 CCLK CCLK CCLK CCLK CCLK CCLK
oND ¢—SB1enp_o veeInT_s K8 »> GND
VCCBRAM c9 K9
VCCBRAM_2 GND_38 veeo
€10110_11P_T0_D0O_MOSI_14 veco 14 31K10 - _
C14110_L1N_T0_DO4_DIN_14 10_L16P_T2_CSI_B_14 K11 < FPGA Logic
L4216 5p_T0_DO6_14 10_L19P_T3_D26_14 K12 S Verre® | For 2 and -1 (1.0V) devices: | Ul vol 095 |1.00]  1.08 v
%IO_MNJO_DOG_VREF_M IO_L19N_T3_D25_VREF_1H%)< & CCINT or -2 and -1 (1.0V) devices: internal supply voltage. . : .
L1410 17P_T1_DOO_14 GND_39 i o
10_LON_T1_DQS. 34 GND_40 3 ——— GND For -1L (0.95V) devices: internal supply voltage. 0.92 0.95 0.98 \")
GND ¢ GND_10 10_L47P_T2_34 —="— V, Auxiliary supply voltage. 1.71 1.80 1.89 Vv
D—z 10_LBN_T1_34 10_L19N_T3_VREF_34 L—zx COAUX y supply voltag
% 10_L6P_TO_34 10_L19P_T3_34 t—s Veesram® For -2 and -1 (1.0V) devices: block RAM supply voltage. 0.95 1.00 1.05 Vv
GND ¢—D5fenp_11 GND_41
33 VCCAUX_1 GND_42 tg GND For -1L (0.95V) devices: block RAM supply voltage. 0.92 0.95 0.98 Vv
GND GND_12 ™S_0
VCCAU VCCAUX_2 M0 Veco®®)  Supply voltage for HR 1/0 banks. 114 - 3.465 Vv
oND 221 eNp_13 M2_0 M2_CONFIG ) .
gig VCCAUX_3 MO0 ::12 MG CONFIC VN 1/0 input voltage. -0.20 - Vgco+0.20 \")
“p1p|'0-tON-T1.DQS_D13 14 GND_43 D GND I/0 input voltage (when V¢eo = 3.3V) for Vrer and differential /O standards except TMDS_33. -0.20 - 2.625 v
GND —L12fGNp_14 10_L18P_T2_D28_14[L12. P ge ( ceo ) for Veer P -
10_L6P_TO_FCS_B_14 10_L48N_T2_D27_14 L3 @
[A3_FPeA 2L 10_LeN_T1 D12 _14 10_L17N_T2_029_14 | -14 (RFSH_FPGA |
D2_FPGA »—E1110_LOP_T1_DQS_34 10_L20N_T3_34 |- ML In® Maximum current through any pin in a powered or unpowered bank when forward biasing the - - 10 mA
3 —£2 110 110N_T1_34 10_L20P_T3_34 .
a % 10_L8P_TL_34 GND_iu |- clamp diode.
S GND GND_15 10_L24N_T3_34 | M4 ©
(%) —
vcco § E5 fycco_34_1 10_25_34 VGeBATT Battery voltage. 1.0 1.89 \"
6ND ¢—E81cNp_16 D0_0
- EL|VCOINT_1 010 . . . . . ™2
onp —E8-fenn_17 GND_45 Table 2-1: Required PCB Capacitor Quantities per Device: Spartan-7 Devices(1)(2)
VCCINT_2 DONE_O
E10
GND_18 10_L24P_T3_D17_14
A6_FPGA 10_LOP_T1_DQS_14 10_L24N_T3_D16_14 Veenr Vceeram Veeaux Veco (per Bank)
oS E13] (0. 0P TLpAL T4 “erose Package | Device 47 F or
s = EldlenD 10 10_L17P_T2_D30_14 330 pF | 100 pF | 4.7 pF |0.47 pF| 100 pF (47 pF | 4.7 pyF |0.47 uF |47 puF | 4.7 pF |0.47 pF 100 |JF(3) 4.7 uF |0.47 pF
g GND_20 10_L21N_T3_DQS5_34 veeo
—F2 lio_110P_T1.34 10_L21P_T3_DQS_34
N ey ALt CPGA19 XC756 0 1 1 1 0 1 1 1 1 1 2 1 2 4
E_g pobLP-TSREC3 10-L24P S s CSGA225 XC756 0 1 1 1 0 1 1 1 1 1 2 1 2 4
6ND ¢—E316Np_21 GND_47[-N5_py
seEZ{NC 2 INIT_B_0 |-NZ veeo FTGB196 XC756 0 1 1 1 0 1 1 1 1 1 2 1 2 4
*Eo-{NC_3 PROGRAM_B_0 [
F
VCCOGND QW 321862?. 1 € gﬁgsf.g N10 D GND - Can;}guratlnn B':nkstholtage Select Isectl;:n3 Ig . CPGAL96 XC7515 0 1 2 2 0 1 1 1 1 1 2 1 2 4
<+ T - B contig user guide; r we are running o V. or
pi| GND 4% GND_23 10_L23P_T3_D19_14 % SPI flash so CFGBVS needs to be 3v3 as well
& F12110_110P_T1_D14_14 10_L23N_T3_D18_14 N2
& F13 410 114N_T1_SRCC_14 10_L20P_T3_D24_14
Fi4f10 112N_T1_MRCC_14 10_L20N_T3_D23_14
g; 10_L12N_T1_MRCC_34 GND_49
—62 110_112P_T1_MRCC_34 10_L23N_T3_34
GND 4% GND_24 10_L23P_T3_34 PAGE 21 ONWARDS
—G4 110_L13N_T2_MRCC_34 10_L22P_T3_34 H H
veeo e |\ i https://docs.amd.com/v/u/en—-US/ug475_7Series_Pkg_Pinout
MGND —S8-{6Np_25 GND_51 [-EO GND
& ST INC_4 GND_52-EZ
veeINT S % NC_5 VCC0_0_2
L2 VCCINT_4 GND_53 e
. gig GND_26 10_L22P_T3_D24_14 XC7 PCB gU|de Connor Leu
GND_27 10_L22N_T3_D20_14 e
o12] T 14 srec 4 et https://docs.amd.com/v/u/en—US/ug483_7Series_PCB | university of Texas at Austin / Phoenix Semiconductor
GND H81316Np_28 10_L21N_T3_DQS_D22_14 Sheet: /FPGA/
AL_FPGA >G24 0_L12P_T1_MRCC_14 GND_54 File: fpga.kicad_sch

XC7 Config Title:

https://docs.amd.com/v/u/en—US/ug470_7Series_Config Sz A | pate: Rev:
& [ 5 I 6
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