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{QB_BDAL1O_L)——B80L e (B
{QB_BDAL20_L)——BEL e ("
{QB_BDAL21_L)——BF A ({
QB_SSPAREB_L g1 e ("
QB_GND BJ1 L(C INTR and DMA signals are (etuﬂgated in th; CPLD: ) ( )
(QB,MSJAREBi)A L(C LEDs show “slow™ signals (prefix "_SLOW"), Logic analyzer sees fast signals (no prefix).
((;1B,MSJAFe:Bz)is;il %«;
L(E:
| BP2 9%
BR2 (C§
_ L(CE Feedback by separate
QB_GND BTZ’(CE 4 via into 3.3 layer +3.3V
QB_PSPAREZ e
QB_V5 B2 (T8
47uF 47uF 3
1N5819 I 47uF
GND GND GND GND
QB_V-12a GND
QB_V-12b
(QB_SSPARE1_5B) ) JP1
QB_SSPAREZ umper
QB_SSPARES e
(QB_MSPAREAT)—X NV O O
(QB_MSPAREA2)—X GND
QB_VBAT50R12
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100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF

1 [ 2 [ 3 [ 4 [ 5 [
CPLD1 LEDs: CPLD2 LEDs:
11x ADR<10:00> _" signal prefix = signal generated by CPLD éix 925:3511111:
1ix 1?A;:rlf]/'%°;ank 8x _SLOW IRQ4.5,6,7.1AK,DMR,DMG,SACK LED driver current limits:
=> 12 per I/0 Bank e
u2 +3.3V u3 +3.3V Application Note AN286: "MAX Il EPM240 as LED driver"
EPM240T100 EPM240T100 LED 10mA max.
a) EPM240: 25mA per pin —> 0K
012 z=Z33380689 102_1 DOUT § o2 =Z2=2333888 102_1 gg}uTruct:Lpteora‘q\.lCC\D group™: 170 mA
013 S9000000 102,52 ADRIGF=>—{ 1013 SOCOCOOTG 102,52 Sink per "GNDIO group”: 130 mA
\Ql:L, gL £8L889¢ \02:53 ((iDAT 5# \Ql:L, gL £8L889¢ \02:53 6 VC(?\O pins :>96”1%O = 078A7
1015 102_54 Pins adjacent (ADRIS—2— 1015 102_54 e Cetume t5Bma per 10 BANK. or a bit more "
101_6 102_55 to PWR/GND: Coattal-o-{ 1016 102_55
101_7 102_56 8 (CADR [ 101_7 102_56 To drive by CPLD (others driven by 74LVC245):
101_8 102_57 12 A 101_8 10257 ADR<21..00>, DAT<15..0>, 8x"INTR/DMA => 46 LEDs
01_12/GCLKO 102_58 %g # 01_12/GCLKO 102_58 => 460mA = 4 Banks with 115mA => 2 CPLDs needed.
01_14/GCLKL 102_61 33 w14 B0t 14/GCLKL 102_61
101_15 102_62,/GCLK2-82x 4k (OAT3HE2 101_15 102_62/GCLK24-02x
101_16 102_64,/GCLK3<|-04 47 (ADRL3S 101 16 102_64,/GCLK3<|-04
101_17 102_66 ZE oAt 10117 102_66 JTAG chain:
101_18 102_67 62 (AoRT2H8 1 101 18 102_67 TDI1-PLD1-DO1 —> TDI2-CPLD2-TDO2
101_19 102_68 A Coaria22 10119 102_68
101_20 102_69 66 (ADRLLF2% 101 20 102_69
101_21 102_70 g? DALLG5 Y211 101_21 102_70 )2 +3.3V
101_26 102_71 o DALLG )25 10126 102_71 JTAG
101_27 102_72 95 DALL3 )27 101_27 102_72 ir—2
101_28 102_73 DALL2 )28 101_28 102_73 3L t4
101_29 102_74 DALLL-22 101_29 102_74 5L f6x
101_30 102_75 %301 101_30 102_75 1 48
101_33 102_76 331 101_33 102_76 cPiDLTON—24 40
101_34 102_77 (FORL54 10134 102_77 -
101_35 102_78 (AORTG22 10135 102_78 v
101_36 102_81 (AORL3-26 101_36 102_81 GND
101_37 102_82 (AR 2% 101_37 102_82 +3.3V
101_38 102_83 (RDRTTI-32H 10138 102_83 fr 1ok
101_39 102_84 ADR21}=2-{ 101_39 102_84
101_40 102_85 éADRzoi 101_40 102_85 [
101_t1 102_86 (ADRLO :; 101_t1 102_86 CERET
101_42 102_87 (ADR1B 101_42 102_87
101_43 /DEV_OE 102_88 (AORT 7143 101_43/DEV_OE 102_88 [
101_44/DEV_CLRn 102_89 >4 1 101_k4k4/DEV_CLRn 102_89 <
101_47 102_90 471 101 47 102_90 GND
101_48 102_91 (ADR16}8 101 48 102_91
101_49 102_92 DALLEY—2 101_49 102_92
101_50 102_95 DALL7 )22 101_50 102_95
101_51 102_96 DALLB)—2L1 10151 102_96 SW1
_ ™S 102_97 CPLD_TMS »—22- TMS 102_97 SW_DIP_x04
I 102_98 23 { 1pj 102_98 p—
SR EEDDDDDD [ EL SR EEDDDDDD [ EL 10/08
W0 S555c5o5a5 02100 W0 S555c5o5a5 02100 2l o<l
[CRCRCRCRURCRCRU] [CRCRCRCRURCRCRU] 40/05
~
BS7.DIN,DOUT,RPLY routed in to CPLD for reserve GND

c11 +3.3V

Cc5 Cc6 Cc7 c8 c9 C10

GND

€12 €13 Ci4 C15 C16 Cc17 c18 c19 +3.3V
100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF

GND

In CPLD enable "weak pull up resistors” on pin (range 50k—100k)
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All input except POK and DCOK inverted.

_" signal prefix

LED signal generated by CPLD

+3.3V +3.3V LED current:
SR 4 T ev3as conar 5 LEDs & 10mA
B_V12 > +12V D2 can drive max s a 10mA.
= RN RN13 CPLD driving limit:
N N Test at 3.4V
+3.3V X 5 ¢ POK 03 ADR10 D30 Bs7 D50 Reichelt LED 3MM RT: R=150, |=8.7 mA
POK_H > 7 Reichelt LED 3MM GE RT: R=150 9.3 mA
b Vi 0 DAT10 D31 HALT D51 Reichelt LED 3MM GN RT: R=150, 1=8.8 mA
5COK T 3 6 p +5V D4 0
5 1 Power calculation (1500hm)
77 ADR11 D32 IRQ4 D52
» DCOK D5 1 : 2R = 2 _
RN1 180 Psingle I1“*R 0.00874*150 1imW
~ DAT11 D33 EVNT D53 Ppack = 4*Psingle = 44mW
GND Prated (70°) = "1/16W" = 62mW => 0K
+3.3V +3.3V
+3.3V
RN2 RN8 RN14
AN ADROO D6 AN ADR12 D34 AN IRQ5 D54
DATO0 D7 i DAT12 D35 REF D55
ADRO1 D8 ; ADR13 D36 IRQ6 D56
LED current:
DATO1 D9 DAT13 D37 SACK D57 Test at 5.1V, Reichelt LED 3MM RT:
R=330, 1=9.4mA
+3.3V +3.3V +3.3V R=360, 1=8.5mA
Test at 12V, Reichelt LED 3MM RT:
R=1.0k, 1=10.0
RNS ke RNS ke RNIS ke Ro1.2k. 1=B.5mA
ADRO2 D10 ADR14 D38 D58
m P = I12R = 0.00852%1200 = 86mW
DATO2 D11 m DAT14 D39 D59 Pmax (case 0805) = 125mW
ADRO3 D12 : ADR15 D40 D60
DATO03 D13 DAT15 D41 D61
+3.3V +3.3V
RN& RN10
AN ADRO4 D14 180 © p ADR16 D26
DATO4 D15 8 p DOUT D27
7
ADRO5 D16 6 p ADR17 D28
5
DATOS5 D17 DIN D29
+3.3V +3.3V
RN5
N RN11
ADRO6 D18 N ADR18 D42
DATO6 D19 WIBT D43
ADRO7 D20 ADR19 D44
DATO7 D21 SYNC D45
+3.3V +3.3V
RN6 R RN12 R
D46
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Inline terminators befare LA probes
inhibit signal reflection & baunce.

82 ohm for 50cm Zeroplus flat cable

All signals inverted, expcept POK and DCOK.

JLA2

82 Probe A DALO7-00
2

QB_BDALOO_L T >
QB_BDALO1_L 3 I
QB_BDALOZ2_L 5 5
QB_BDALO3_L 7 g
QB_BDALOL4_L T >
QB_BDALOS_L 3 I
QB_BDALO6_L 5 5
QB_BDALO7_L 7 g
82
RN19
14 R20
F’rcbis D

[OIO0I0D

~ O G 2|~ o Gl

o o [N o o [ [
1
1
-
<
1
-
1
-
]
@
2
Z o
NN
[he

Jp K Jp
GND J Aosd A1Q4 A124 A14

2

JPSY JPT JP9
A ALl AL3{ A1S
I~ I~ I~
AN

P~
© N[O
o
o [s4 (24 [2'4 [+
o [ (= (= (=Y
<< <|<|<<]<<

DATA shows DAL, ADR latched by CPLD. JpP18 JP30
ADR19)© O?(QB,BDAMQ,H [ADR17 T 0={(UB_BDAL17_L
(] (]
P24 P31 RN28 A7
RN22 JLAL ADR18)~—0C QB_BDAL18_L|| |ADR16 o0={QB_BDAL16_L -
AP [ADR18)+ 3 o={ | 97 °3 i Probe C A/DAL§1 16
QB_BDALOB_Ly— 5 2 1[—]2
QB_BDALO9 L)— z ] =
QB_BDAL10_L)—5 5 5[—][6
QB_BDALL1 [)— 8 T=]8
QB_BDAL12_D)— > =2
R ] = QB BBS7 L =l
4B _BDALLY L) 515 UB_BSYNCL —
QB_BDAL15_ Vi 5 o~ — = 778
82 ADR21 )< 0={(UB_BDAL21_L RN29
RN23 JP25
(]
ADR20)-< 0={UB_BDAL20_L
JP19
15 RN24 19 RN26 113 RN30
F’ruble E Prcbie F 82 F’rcbis G 82
5 =l 5 = ER
4 516 p 516 PR
5 U= 5 U= -
6 = 6 = L
7 =l 7 = 7 =
: = 6 = =
7TE=I8 7TE=I8 7TE=I8
9 9 82 9 82
“| | | =] RN25 RN27 RN31
3JP1 Jpgﬁipg?Jplﬁ Jp28
GND / Ao’ Ao2{ Ao o6 GND GND
P PSPt ¥ P29
SYNC LA Probes:
A0 A0 AT REF A: fix DAL 07:00
~ e B: fix DAL 15:08
C: fix SYNC,BS7, DAL21:16 or ADDR 21:16 demuxed
N O N g NN D: pluggable, patch panel, jumpers to ADDR 15:08
1] 1 ] e ] = E: pluggable, patch panel, jumpers to ADDR 07:00
SIEEEEIEEE F: pluggable, patch panel, jumpers to WTBT,DIN,DOUT,REPLY.REF
bt i i i S G: pluggable, patch panel
H: pluggable, patch panel

QB_BDALOO_L)—21—
QB_BDALOL_L)—2—
QE,S)A,oz,,)—i-
I3 RN16 Q5733A»O37»)—5' LA bread board connectors same visible order as LEDs
82 QB _BDALO4 Ly—>— . 115
Probe H = 4\ 6 ATTENTION: 1
°F — Q:733A>O57> 7 Some LED signals (IRQ, GRANT, ...) are slowed for human eye. QB _BPOK_H 2 J14 QB_V5S 2 PWR
2 1]—l2 QB _BDALO6_L)—*— Logc Analyzer interface connects “fast” signals. QB_BDCOK_H PWR =
3 31—z QE,B)A,O7,,)—8' 1 _J16
516 = 9 2 _GND
4 — QB_BDALOB_L)—Z—
5 /f=|® QE,S)A,OQ,,)%- s
6 1[—I2 QB_BDALL0_L)—— QB_BSACK_L GND
7 3|—J4 QB_BDALI1 )12~ ¢ QB_BDOMR_L)—2— )7
8 5|—]|b QB_BDAL1Z_L)—13=paL QB_BDMGI_Ly—3— DMA J10
g 7E=I8 QB_BDALIS_L)—14= XFER
RN17 QB_BDAL1 4,,)%- www.retrocmp.com/tools/qprobe
QB _BDALZ 57»)T j_hoppe@-online.de
GND QB_BDALI 6**)7 _ 1 Joerg Hoppe
QB_BDAL17_L)—2— [@B_BINIT_L)——=— Sheet: /la/
QB_BDALIB_L)—12- [@B_BHALT_L)—2— 5 F'LE-E{ ah
QB_BDAL] 9,,)—52- [QBZBEVN ;,)—i- svs ‘JNiTiR le: (a.sc
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74LVC245: can drive 50mA => connect only 5 direct driven LEDs

Driven LEDs: (not delayed by CLPLDs): POK, DCOK, WTBT, DIN, DOUT, SYNC, RPLY, REF. BS7, HALT, EVNT

+3.3V

Ul
74LVC245 &

+3.3V

U6
74LVC245 &

+3.3V

us
74LVC245 &

(&)
A8 o8 2 1r 8 Bo |8 IpouT :S <
A = Bt Sia = 1 L RPLY P
A2 B2 |6 4 1 a2 B2 |16 [WTBT e
A3 B3 |13 A3 83 |15 [DALL5) P
Al By L4 Al By L4 [DALLL) s [T
a5 [T 85 pLs a5 [T 85 (A3 [oACLSy Pz
A6 B6 |12 A6 86 2 [DALLZ) pe=i
A7 87 L QB BDALIL L)———2 A7 87 -11—[DALIT)
_ Mo, A->B
A->Bo A->Bo CE =
cE Z 99 ce 2 °
o)
o o i
‘o ‘o )
~ ~ oo
GND GND
+3.3V +3.3V +3.3V
us u7 u9
74LVC245 & 7LLVC245 & 74LVC245 &
A S o L8 QB BDALIG )—2— A0 o 8o |8 7 NS
A = 1L QB_BDALL/ L)y——>— AL~ B1 L Sa =~
A2 g2 |16 QB_BDALLE_L)——+ A2 B2 |46 4 1 a2
A3 B3 |13 QB_BDALLO_L)——2— A3 B3 |42 5 1 a3
AL By (14 QB_BDAL20_L 6 { a4 By (14 pra—EE VA
a5 [T 85 pLs L a5 [T 5|2 x—Ldas [T 85—
A6 B6 3 S A6 B6 3 xig A6 B6 %x
A7 B7 2 A7 B7 X2 A7 87 L —x
A->B (. A->B (. A->B
cE Z 99 ce 2 99 ce 2
o) o) o)
i i i
3 3 3
<~ <~ <~
GND GND GND
+3.3V
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Terminator impedance maybe “open”, 120 or 240 Ohm, see http://web.frainresearch.org:8080/projects/pdp—11/backplanes.php

“A system with a 240 ohm processor can accommodate up to 20 AC loads, without far end termination.
A system with a 240 ohm processor can accommodate up to 35 AC loads, with 240 ohm termination on the far end. The far end termination may also be 120 ohms, but this is considered to be less optimal.
A system with a 120 ohm processor can accommodate up to 35 AC loads, without far end termination.
A system with a 120 ohm processor can accommodate up to 45 AC loads, with 120 ohm termination on the far end.”

120 Ohm (default) with 180/390, see BDV11AA M8012. 220 ohm with 330/680, see LSI11/03 M7264.

RN32 180 RN36 180 RN42 180
10000000 0A00A00 0A00A00
N M) (= O O [~ oo oy N M) (= O O [~ oo oy N M) (= O O [~ oo oy
(QB_BDALOL_L)—* (QB_BDAL12_L)—* ;2—»
(QB_BDALO3_L) (QB_BDAL11 L) =L
(QB_BDALO2 (QB_BDAL21_L) L}
(QB_BDALOL (QB_BDAL20_L) L}
(QB_BDALOD. (QB_BDAL19_L) L}
(QB_BDAL1 (QB_BDAL18_L) L}
(QB_BDAL1 (QB_BDAL17_L) L
(QB_BDAL1 (QB_BDAL16_L) L
N M [ O O ™~ oo oy N M [ O O ™~ oo oy
RN33 ™ RN43 390
QB_GND QB_GND
‘N'QO 180
N [ o o [~ o fon Terminatar N o [ o
for GRANTSs
QB_BPOK_H > pluggable
QB_BDCOK_H» separately.
(QB_BDAL10_L)
(QB_BDALO9_L)
(QB_BDALOB_L) QB_BDMGI_L >
(QB_BDALO7_L) QB_BIAKI_L
(QB_BDALOb_L)
(QB_BDALO5_L)
N M [ O O ™~ oo oy N M O
™ RN35 390 ™ RN39 390 RN%41 390
QB_GND QB_GND QB_GND
GRANT continuity forwarded
[Q@B_BDMGI_L)——{QB_BDMGO_L)
C26 c27 Cc28 Cc29 C30 C31
100nF 100nF 100nF 100nF 100nF 100nF |QB,B\AKLL: QB,B\AKO,L) \.Nww.retrocmp..com/touts/qprube
QB_GND j_hoppe@-online.de
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