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THE TEAM

Two firmware engineers meet in a Silicon Valley garage and start
building hardware together

Stefan Reinauer Chris Hooper
Eng Manager, Google LLC Founder, DSSD
coresystems, coreboot, MX29F1615 Prog, BFFS,
OpenBIOS, UAE RGB2HDMI
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https://www.linkedin.com/in/chrishooper/
https://instagram.com/amiga.technology
https://github.com/reinauer/
https://linkedin.com/in/reinauer
https://github.com/cdhooper

WHAT?

A brand new Zorro Il SCSI Controller

e One of only two Zorro Il SCSI controllers ever built
e Full-length Zorro-1ll DMA

e Fast SCSI-II (10MB/s)

e designed for the A4000, works in A3000

e Needs Buster 11 (minimum ;)

e NCR53C710

e Autoboot ROM



How it all began...

Stefan learned soldering in 2020

Chris and Stefan met on Acill's discord and found out
they live 7 minutes apart.

Stefan got an A4091 on eBay

Pandemic made the card sit in Germany until August
2021



How we got here

A short history of about everything that lead to this talk

Earlier 2021 Aug 2021 Oct 2021 Dec 2021 Feb 2022 Mar 2022 Apr 2022

; © 0 0 ¢

(] @ @ [ ) @ @
Ebay Measure Debugging Mass
Got a A4091 on Last AmiWest: It's working. No, Production
Ebay Hey Chris, let's now it's working. When this batch is
build SCSI Orisit? done | need a
controllers! break!
Pick-up First PCBs Collateral
Mom, do you have We're done, right? There's more to

another suitcase? the story



But Why? It’s 2022!

Because we can, and ...

e (lassical Amiga hardware prices skyrocketed

e Inspired by folks like Paul Rezendes and John Hertell,
and others!

e Dave Haynie Files!

e C(reate an accessible but compatible storage solution

e Open Source helps future generations learn about
technology

e Atribute to the shoulders of the giants on which we

stand today



End-to-End

Brackets

A transatlantic
cooperation

PCB Boxes & Manuals
... or “why didn’t they just We got this far, let’s do it
turn this part around?” end to end...
Schematics Drivers
Patience and a decent Patching binaries or
multimeter standing on the
shoulders of giants



Let’s t ke some pics
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http://eebugs.com/amiga/a4091/

... and how it continued

Mapping out
all connections
of all parts with

a multimeter




... and how it continued

Some traces
were hidden
under the GALs




Making of the Schematics




Routing the board

Ub

J |
This is a 4 layer a‘

board. How do
we verify the

buried traces?




Routing the board
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PCB Tools
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close to the original

Get it working

Clear labeling, easy to build

A4091 REV B ADVANCED SCS| | CONTROLLER BD.

© COMMODORE. ELECTRONCS LTD.
FAB 365121 ) (C) COPYRIGHT 1992
A/W 365122 : BRO584091 ALL RIGHTS RESERVED
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Routing the board
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We used EasyEDA for Schematics and PCB.

Great for collaboration




Help from around the world

e Dave Haynie

e Szymon Gosk

e Tim Eire

e Michael Battilana
e Olaf Barthel

e Toni Wilen






Brackets




Brackets
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e PLA/ABSIlooks

e Bending metalis .. hard. . :
nice, but is too

flexible



Artwork

e Way harder to come by than the board!

e Pictures courtesy BBOAH

Afo91
Support Disk

i 4091

SCSIH

e Which version do you like better?

User's Guide

DKB 4

A4091
SCSI Host Adapter

Wiy 8- 1 7
SRRl LN o — o UHIGA
LRy ——



The Manual

User’s Guide

) [Bererna s s

A1200

AMIGA |

e Original manual had 3 languages
e Pages were nearly translucent

e (Cutting a booklet of 84 pages is tricky... for a firmware engineer
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Getting ready: Bringup
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It works! S%&*#! It doesn’t

5 iperating Systen and Tibraries
{Copyright © 2821 Hyperion Entertainment CVBA.
eve\o‘td under license.
R est
CPU_68838/68882f py

L Rlice

D controller:  Prod=514/84(5202/454)
size 16ne, subsize sane)

e First boot: Board shows up

TOGUARD®

e No boot, no cookie!

e Endless loop in DiagROM

oot oo (5)
01 SIONI533 o000 O




FCS

CFGIN

READ

b3 IORST

CFGOUT

5 CFGLT

SLAVE

MATCH

]

O

g, Getting serious: Logic
Analyzer

&
4ie)

... why did the Amiga just stop talking?

Logic 2 [Logic Pro 16 - Connected]
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Original A4091 uses -10 and -15
parts

Original A4091 uses both PALCE
and GAL parts

ATF22V10 is a compatible
replacement

Faster chips never hurt

Assumptions are made and most assumptions are wrong.
- Albert Einstein

Assumptions

A4000T design uses 600 Ohm
beads in many places

eBay beads are just as good as
ones from Mouser

How do we measure these

things?



Success!

Tested with 20+ hard drives
e External DVD, ACARD, Tape Drives
e SCSII, I, Il (w/ adapter)

|

FileNane: [d
Hanufacturers Name:
Drive Nane:
Drive Revision:

Cylinders: [Z218
Heads: [T Size: 17355MB (17GB)

Blocks per Track: [16832
Blocks per Cylinder: [T63Z | pary pead where (cylinder): [THEH5 |
Reduced Write Current
Cylinder: [ZFEE Supports reselection v/

Hrite Preconp
Cylinder: 1z

TOGURRD®

e

Workbench Screen
0| Workbench ——=

T SK
Name: COHPAQ
l;la‘l:t‘:feaﬁturer““ 81 2579
Il)l;l:“ Rw‘SngSS') bytes/sec
Hnrkbench >

Right now: 5.1 MB/s with “drivespeed”

Zorro Il Burst not (currently?) supported



Boys and GALs
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e The Amiga 3000 is a lot more sensitive

e Lattice vs Atmel propagation times!




I’ll be BACKKK....

e Dremel responsibly, my friends!




The disk for your drives

Suppore Disk

(<3 Commodore
© Copyright 1985 1992 Cominodore Amiga, Inc. Aj Rights Reserve,
Commodore and the Commndure Logo are trademarks r)fCommodorc Electronjes Lud.
in the US and other countries, Amiga is 5 trademark n[&»mumdm(v\mlgu. Inc.in the
'Sand other countries,
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A4091
Support Disk




Cables!
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The factory

No, honey, it's only temporary, | promise!
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Software - 2nd.scsi.device

What software is driving the A4091?

Latest released version: 40.13

40.20 was spotted in the wild

CosmosAmiga published a “patched 40.14"

Drivers contain host portion in Assembler / C and controller portion requiring NCR
script assembler that's virtually unobtainable

No NSD, no TD64 (but 3.2.1 is tested to support large drives via SCSI-direct)
A4000T shares almost the same driver (minus the Zorro Ill part and other minor
changes)

Newer versions unlikely w/ “the situation” of the Amiga community.



Software - Script Compilers
& NetBSD

Chris Hooper started rewritten driver based on NetBSD code
Modern driver design

Uses open source NCR script compiler from NetBSD

Max speed measured: over 7MB/s (to Zorro Ill RAM!)

NSD + TD64 support!

Pre-boot diag screen and optional CD-ROM booting



Software - a small comparison

TD_GETGEOMETRY
TD_CHANGENUM
TD_CHANGESTATE
TD_PROTSTATUS
TD_GETDRIVETYPE
TD_GETNUMTRACKS
TD_RAWREAD
TD_RAWWRITE
SCSICMD Inquiry
SCSICMD TUR
NSCMD_DEVICEQUERY
CMD_READ
ETD_READ
TD_READ64
NSCMD_TD_READ64
NSCMD_ETD_READG64
TD_SEEK

ETD_SEEK
TD_SEEK64
NSCMD_TD_SEEK64
NSCMD_ETD_SEEK64
CMD_STOP
CMD_START
TD_EJECT

TD_EJECT LOAD

Ours

Yes
Yes
Yes
Yes
No

No

No

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

40.13

Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
No
Yes
No
No
No
No
Yes*1
No
No
No
No
Yes
Yes
No
No

474

Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes*1
No
Yes
Yes
No
Yes
Yes
Yes*2
Yes*2

TD_REMOVE
TD_ADDCHANGEINT
Eject REMOVE Int
Eject CHANGE Int
Load REMOVE Int
Load CHANGE Int
TD_REMCHANGEINT
TD_REMOVE delete
CMD_WRITE
ETD_WRITE
TD_WRITE64
NSCMD_TD_WRITE64
NSCMD_ETD WRITE64
TD_FORMAT
ETD_FORMAT
TD_FORMAT64

Ours

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

NSCMD_TD_FORMAT64 Yes
NSCMD_ETD_FORMAT64 Yes

TD_MOTOR ON
TD_MOTOR OFF

Yes
Yes

40.13

No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No

474

Yes
Yes
No*1
No*1
No*1
No*1
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
No
NOP
NOP

Yes*1 = with bug requiring io_Length & buffer
Yes*2 = previous state not correctly reported
No*1 = interrupt did not trigger after load/eject command



Software - Challenges

This should really just work, why is it crashing?

Amiga driver details are poorly documented at times

Relied on anecdotes and tribal knowledge

We even found a gcc bug (and bebbo fixed it!)

-fbaserel -resident -m68020-60 are a mess

RDB parsing is not part of the OS. Each driver has its own variant.

Neither is loading hunks at boot time. We wrote our own LoadSeg. Or two.

How to talk to a4091.device - from within a4091.device...?
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Hardware - Challenges
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Hardware - Challenges
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Hardware - Challenges
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Challenges

L
—
(O
S
©
-
(O
XL




Hardware - Challenges

Who needs solder?

Lots of beads




Eye candy time...

A4891 Early Startup Menu

Boot Menu

e Debugging options

e Probing for disks 5

e Show DIP switches

A4891 Diagnostics - DIP switches

=_|
= |
= |
=_
=_|
=_
=_]
=_|

The big question...

e Are there Easter eggs in Open Source drivers?

e Any other cool features?




... and new features, too

CDROM BOOT

e Currently needs “hack”
with BootCDFileSystem




Stop talking, where is it?



https://bit.ly/3jp6AiJ
https://bit.ly/3jp6AiJ

What’s next?

e Next step: Open Source schematics and gerbers

e Find someone to help us build a lot of these.

e We need a break (and build BFG9000s and
A4000TXes like everybody else, for a change)




