The Art of Developing Embedded Systems


A Simple Drawing System

Just as firmware standards give a consistent framework for creating and managing code, a drawing system organizes hardware documentation. Most middle- to large-sized firms have some sort of drawing system in place; smaller companies, though, need the same sort of management tool.

Use the following standard intact or modified to suit your requirements. Feel free to download the machine readable version from www.ganssle.com/ades/dwg.html. 

Scope

This document describes a system that:

· guarantees everyone has, and uses, accurate engineering documents. 

· manages storage of such documents and computer files so to make their backup easy and regular.

· manages the current configuration of each product?

The system outlined is primarily a method to describe exactly what goes into each product through a system of drawings. A top level configuration drawing points to lower level drawings, each of which point to specific parts and/or even lower level drawings. After following the "pointer chain" all the way down to the lowest level, one will have access to:

· Complete assembly drawings including mod lists.

· A complete parts list.

· By reference, to other engineering documents like schematics and source files.

The system works through a network of Bills of Materials (BOMs), each of which includes the pointers to other drawings, or the part numbers of bit pieces to buy and build.

Our primary goal is to build and sell products, so the drawing system is tailored to give production all of the information needed to manufacture the latest version of a product. However, keeping in mind that we must maintain an auditable trail of engineering support information, the system always contains a way to access the latest such information.

Drawings and Drawing Storage

Definitions

The term "drawing" includes any sort of documentation required to assemble and maintain the products. Drawings can include schematics, BOMs, assembly drawings, PAL and code source files, etc. 

A "Part" is anything used to build a product. Parts include bit pieces like PC boards and chips, and may even include programmed PALs and ROMs. A part may be described on a drawing by a part number (like 74HCT74), or by a drawing number (in the case of something we build or contract to build).

Drawing Notes

Every drawing has a drawing number associated with it. This number is organized by product series, as follows:

Company Documentation
#0001 to #0499

Configuration drawings:
#0500 to #0999

Product line “A”:
#1000 to #1999

Product line “B”:
#2000 to #2999

Product line “C”:
#3000 to #3999

Every drawing has a revision letter associated with it, and marked clearly upon it. Revision letters start with the letter 'A' and proceed to 'Z'. If there are  more than 26 revisions, after 'Z' comes 'AA', then 'AB', etc.

The first release of any drawing is to be marked revision 'A'. There are to be no drawings with no revision letters.

Every drawing will have the date of the revision clearly marked upon it, with the engineer's initials or name.

Every drawing will have a master printed out and stored in the MASTERs file. The engineer releasing the drawing or the revision will stamp the Master with a red MASTER stamp, and will fill in a date field on that stamp.

Though in many cases both electronic and paper copies of drawings (like for a schematic) exist, the paper copy is always considered the MASTER. 

Drawing numbers are always four digit numerics, prefixed by the "#" character.

Storage

All Master drawings and related documentation will be stored in the central repository. Master computer files will be stored on network drive in a directory (described later).

Everyone will have access to Master drawings and files. These are to used a reference only; no one may take a Master drawing from the central repository for any purpose except for the following:

Drawings may be removed to be photocopied. They must be returned immediately (within 30 minutes) to the central repository.

Drawings may be removed by an engineer for the sole reason of updating them, to incorporate ECOs or otherwise improve their accuracy. However, drawings may be removed only if they will be immediately updated; you may not pull a Master and "forget" about it for a few days. It is anticipated that, since most of our drawings are generated electronically, a master will usually just be removed and replaced by a new version. See "Obsolete Drawings" for rules regarding the disposition of obsoleted drawings.

Artwork may be removed to be sent out for manufacturing. However, all POs sent to PC vendors must require "return of artwork and all films". He who pulls the artwork or film is responsible to see that the PO has this information. Returned art must be immediately refiled.

All drawings will be stored in file folders in a "Master Drawing" file cabinet. Those that are too big to store (like D size drawings) will be folded. Drawings will be filed numerically by drawing number. 

Artwork will be stored in a flatfile, stored within their protective paper envelopes. Every piece of artwork and film will have a drawing number and revision marked on both the art/film, and on the envelope. If it is not convenient to make the art marking electronically, then use a magic marker.

Storage - Obsoleted Drawings

Every Master Drawing that is obsoleted will be removed from the current Master file and moved to an Obsolete file. Obsoleted drawings will be filed numerically by drawing number. Where a drawing has been obsoleted more than once, each old version will be substored by version letter.

The Master will be stamped with a red OBSOLETE stamp. Enter the date the drawing is canceled next to the stamp. Thus, every Obsolete drawing will have two red stamps: MASTER (with the original release date) and OBSOLETE (with the cancellation date).

If old ECOs are associated with the Obsoleted drawing, be sure they remain attached to it when it is moved to the Obsolete file.

Obsoleted Artwork and films will be immediately destroyed.

Sometimes one makes a small modification to a master drawing to incorporate an ECO - say, if a hand-drawn PC board assembly drawing changes slightly. In this case duplicate the master before making the change, stamp the duplicate OBSOLETE, and file the duplicate.

The reason for saving old drawings is to preserve historical information that might be needed to update/fix an old unit.

Master Drawing Book

Whenever a drawing is released or updated, the Master Drawing Book will be modified by the releasing engineer to reflect the new information.

The Master Drawing Book is a looseleaf binder stored and kept with the Master drawing file. The Master Drawing Book lists every drawing we have by number and its current revision level.  In addition, if one or more ECOs is current against a drawing, it will be listed along with a brief one line description of what the ECO is for.

Just as important, the Master Drawing Book lists the name of the electronic version of a drawing. This name is always the name of the file(s) on the network drive, with the associated directory path listed.

Note that the "Dash Number" (described later under "Bills of Materials") is not included in the list, since one drawing might have many dash numbers.

Thus, the drawing list looks like:

Dwg #
Revision
Rev date
Title
Filename

#1000
A
8-1-97
Prod A BOM
PRODA-ASSY


ECO: PRODA.A.3
Stabilize clock 
PRODA\ECO.A


ECO: PRODA.A.1
Secure cables 
PRODA\ECO.A



#1001
B
8-2-97
Prod A Baseplate
PRODA-BASE

As drawings are updated the ECOs will no longer apply, and should then be removed from the book.

Note that after each BOM drawing number there is a list of dash numbers that describe what each configuration of the drawing is.

A section at the rear of the book will contain descriptions of "Specials" - units we do something weird to to make a customer happy. If we give someone a special PAL, document it with the source code and notes about the unit's serial number, date, etc. A copy of this goes in the unit's folder. It is the responsibility of the technician to insure that the folder and Master Drawing Book is updated with "special" information.

The Master Drawing Book master copy will be stored as file name ENGINEER\DOCS\MDB.DOC, and is maintained in Word.

Configuration Drawings

Every product will have a Configuration Drawing associated with it. These Drawings essentially identify what goes into the shipping box.

Currently, the following Configuration Drawings should be supported:

Dwg #

Description

#0501

Product A


-1
256k RAM option


-2 
1 Mb RAM option


-3
50 MHz option

#0502

Product B

#0503

Product C


-1
256k RAM option


-2 
1 Mb RAM option


-3
50 MHz option

The "dash numbers" are callouts to Bills of Materials for variations on a standard theme.

The Configuration Drawing is a BOM (see section on BOMs). As such, it calls out everything shipped to the customer. Items to be included in the Configuration Drawing include:

· The unit itself (perhaps with dash numbers as above)

· Manual (with version number)

· Software disk

· Paper warranty notice

· FCC Notice

Thus, starting with the Configuration Drawing, anyone can follow the "pointer trail" of BOMs and parts/drawings to figure out how to buy everything we need to make a unit, and then how to put it together.

Bills of Materials

A Bill of Material (BOM) lists every part needed for a subassembly.

The Drawing System really has only three sorts of drawings: BOMs, drawings for piece parts, and other engineering documentation. A piece part drawing is just like a part: it is something we build or buy and incorporate into a subassembly. As such, every piece part drawing is called out on a BOM, as is every piece part we purchase (like a 74HCT74). The part number of a piece part made from a drawing is just the drawing number itself. So, if drawing number #1122 shows how to mill the product’s baseplate, calling out part number #1122 refers to this part.

"Other engineering documentation" refers to schematics, test procedures, modification drawings, ROM/PAL drawings, and assembly drawings (pictorial representations of how to put a unit together). None of these call out parts to buy, and therefore are always referenced on any BOM with a quantity of 0.

A piece part drawing can never refer to other parts; it is just one "thingy". A BOM always refers to other parts, and is therefore a collection of parts.

One BOM might call out another BOM. For example, the product A top level BOM might call out parts (like the unit’s box), drawings (like the baseplate), and a number of other BOMs (one per circuit board). In other words, one BOM can call out another as a part (i.e., a subassembly).

Though all BOMs have conventional four digit drawing numbers, everything that refers to an BOM does so by appending a "dash number". That is, BOM number #1234 is never called out on some higher level drawing as "#1234"; rather, it would be "#1234-1" or "#1234-2", etc. 

The dash  number has two functions. First, it identifies the called out item as yet another subassembly. Any time you see a number with the dash number like this, you know that item is a subassembly. 

The second reason is more important. The dash numbers let one drawing refer to several variations on a design. For example, if the BOM for the “Option A Memory Board” is drawing number #1000, then #1000-1 might refer to 128k RAM and #1000-2 to 1 Mb RAM. The design is the same, so we might as well use the same drawings. The configuration is just a little different; one drawing can easily call out both configurations.

A good way to view the drawing system is as a matrix of pointers. The Top Level Configuration Drawing (which is really a BOM) calls out subassemblies by referring to each with a drawing number with a dash suffix - a sort of pointer. Each subassembly contains pointers to parts or more levels of indirection to further BOMs. This makes it easy to share drawings between projects; you just have to monkey with the pointers. The dash numbers insure that every configuration of a project is documented, not just the overall PC layout.

BOM Format

BOMs are never "pictures" of anything - they are always just Bills of Materials (i.e., parts lists). The parts list includes every part needed to build that subassembly. Some of the parts might refer to further subassemblies. 

The parts list of the BOM has the following fields:

· Item number (starting at 1 and working up)

· Quantity used, by dash number

· Part (or drawing) number

· Description

· Reference (i.e., U number or whatever)

Here is an example of an BOM numbered #1000, with three dash number options. This is a portion of a memory option board BOM with several different memory configurations:.

Item
Qty


Part #
Description
Ref


-1
-2
-3




1
#1000-1



OPTION board 256k 

2       
#1000-2


OPTION board 1 mb  

3


#1000-3

OPTION board 4 mb  

4



#1892
OPTION ass'y  

5



#1234
OPTION schematic  

6



#1111
Test Procedure

7
1
1
1
#1221
OPTION PCB

8
8
8
8
Ap1123
32 pin socket     
U1-8

9
1
1
1
74F373
IC
U10

10
8


62256
 Static RAM
U1-8

11

8

621128  
 Static RAM
U1-8

12


2
624000
 Static RAM
U1-2

13
2


APC3322 
 Jumper
J1,2

14

2
2
APC3322 
 Jumper
J3,4

First, note that each of the three BOM types (i.e., dash numbers) is listed at the beginning of the parts list. A column is assigned to each dash number; the quantities needed for a particular dash number are in this column. That is, there is a "quantity" column for each BOM type.

The first three entries, one per dash number, simply itemize what each dash number is. The quantity must be zero.

Each dash number column contains all quantity information to make that particular variation of the BOM. 

Next, notice that drawing "#1892" is called out with a quantity of 0. Drawing #1892 shows how the parts are stuffed into the board, and is essential to production. However, it can not call parts that must be bought, so always has a quantity of 0.

The schematic and test procedure are listed, even though these are not really needed to build the unit. This is how all non-production engineering documents are linked into the system. All schematics, test procedures, and other engineering documentation that we want to preserve should be listed, but the quantity column should show 0. Notice also that a drawing number is assigned even to the test procedure. This insures that the test procedure is linked into the system and maintained properly.

The first column is the "item number". One number is assigned to each part, starting from 1 and working up. This is used where a mechanical drawing points out an item; in this case the item number would be in a circle, with an arrow pointing to the part on the drawing. It forms a cross reference between the pictorial stuffing drawing and the parts list. In most cases most item numbers will not have a corresponding circle on the drawing.

All jumpers that are inserted in the board are listed along with how they should be inserted (by the reference designator). This is the only documentation about board jumpering we need to generate.

Note that no modifications to the PCBs are listed. PC board modifications are to be listed on a separate "Mod" drawing, which is also referenced with a quantity of zero on the BOM. 

ROMs and PALs 

Every ROM and PAL used in a unit will be called out by two entries in the parts list columns of the PC board BOM. The first entry calls out the device part number (like GAL22V10) and associated data so purchasing can buy the part. The second entry, which must follow right after the first, calls out a ROM or PAL BOM.

The ROM or PAL BOM will be called out with quantity of 0. This procedure really violates the definition of the drawing system, but it drastically reduces the number of drawings needed by production to build a unit. 

On the PC board BOM, the callout for a ROM or PAL will look like:

Item
Qty
Part #
Description
Ref

1
1
GAL22V10
PAL
U19

2
0
#1234-1
(MASTERS\PRODA\M-U19.PDS)
B9

Thus, the first entry tells us what to buy and where to put it; the second refers to engineering documentation and the current checksum. For a ROM, list the version number instead of the checksum. The description field for the part must also include the ROM or PAL's file name in parenthesis, with directory on the Lab computer.

ROMs, PALs, and SLD will be defined via BOMs, since these elements are really composed of potentially numerous sets of documentation. The ROM/PAL/SLD drawing will form the basic linkage to all source code files used in their creation.

The primary component of a PAL/ROM drawing is of course the device itself. Other rows will list the files needed to build the ROM or PAL.

Where two ROMs are derived from one set of code (like EVEN and ODD ROMs), these will both be on the same drawing. 

An example ROM follows:

Item
Qty
Part #
Description
Ref

 
-1 








1  
1234-1
64180 P-bd ROM
U9 

 1     

27256-10
EPROM, 100 nsec
  

 2     


PRODA.MAK - make file
proda\code

Note that in this part list the EPROM itself is called out by conventional part number, but the quantity is 0 (since a quantity was called out on the PC board BOM that referenced this drawing). 

A ROM, PAL, or SLD drawing calls out the ingredients of the device. In this case, the software's MAKE is listed so there’s a reference from the hardware design to the firmware configuration.

If other engineering documentation exists, it should be referred to as well. This could include code descriptions, etc.

The last column contains the directory where these things are stored on the network drive. 

The goal of including all of this information is to form one repository which includes pointers to all important parts of the component.

ROM and PAL File Names

All PALs and ROMs will have file names defined by the conventions outlined here. 

PALs are named: <board>-U<U number>.J<checksum>

ROMs are named: <board>-U<U number>.V<version>

Thus, you can tell a ROM from a PAL from the extension, whose first character is a V for a ROM or a J for a PAL.

Legal <board> names are: (limited to one character)


M
- main board


P
- option A board


T
- option B board 

Examples:


M-U10.JAB
main board, U10, checksum=AB


M-U1.J12
main board, U1, checksum=12

Engineering Change Orders (ECOs)

ECOs will be issued as required, in a timely fashion to insure all manufacturing and engineering needs are satisfied. 

Every ECO is assigned against a Drawing, not against a problem. You may have to issue several ECOs for one problem, if the change affects more than one drawing.

The reason for issuing perhaps several ECOs (one per drawing) is twofold: First, production builds units from drawings. They should not have to cross reference to find how to handle drawings. Secondly, engineering modifies drawings one at a time. All of the information needed to fix a drawing must be associated with the drawing in one place.

Each ECO will be attached to the effected drawing with a paperclip. The ECO stays attached only as long as the drawing remains incorrect. Thus, if you immediately fix the master (say, change the PAL checksum on the drawing), then the ECO will be attached to the newly Obsoleted Master, and filed in the Obsolete file.

If the ECO is not immediately incorporated into, say, a schematic, then the person issuing the ECO will pencil the change onto the MASTER drawing, so the schematic always reflects the way the unit is currently built.

In addition, if the ECO is not immediately incorporated into the drawing, the engineer issuing the ECO will mark the Master Drawing Book with the ECO and a brief description of the reason for the ECO, as follows:

Dwg #
Title
Revision
Rev Date
Filename

#3000
Prod A BOM
A
8-1-97
PRODA-ASSY


ECO: PRODA.A.3

Stabilize clk 
PRODA.A.3


ECO: PRODA.A.1

Secure cables 
PRODA.A.1

Note that the filename of the ECO is included in the Master Drawing Book.

When the ECO is incorporated into the drawing, remove the ECO annotation from the Master Drawing Book, as it is no longer applicable. 

NEVER change a drawing without looking in the master repository to see if other ECOs are outstanding against the drawing.

Every change gets an ECO, even if the change is immediately incorporated into a drawing. In this case, follow the procedure for obsoleting a drawing. This provides a paper audit trail of changes, so we can see why a change was made, and what the change was.

Every ECO will result in incrementing the version numbers of all effected drawings. This includes the Configuration drawing as well. To keep things simple, you do not have to issue an ECO to increment the Configuration version number. We do want this incremented, though, so we can track revision levels of the products. Add a line to the Master Drawing Book listing the reason for the change and the new revision level of the Configuration, as well as a list of effected drawings. This forms back pointers to old drawings and versions. Though we remove old ECO history from our drawings, never remove it from the Configuration drawing's Master Drawing Book entry, as this will show the product's history.

The Master Drawing Book entry for an ECO'd Configuration drawing will look like:

Dwg #
Revision
Rev date
Title
Filename

#0600
A
8-1-97
Prod A Configuration
PRODA-ASSY


B
8-2-97
Mod clock circuit to be more stable




(1000-1, 1234 modified)


C
8-3-97
Secure cables better

Sometimes a proposed ECO may not be acceptable to production. For example, a proposed mod may be better routed to different chip pins. Therefore, the engineer making an ECO must consult with production before releasing the ECO. (This avoids a formal (and slow) system of controlled ECO circulation).

A decision must be made as to how critical the ECO is to production. The engineer issuing the ECO is authorized to shut down production, if necessary, to have the ECO incorporated in units currently being built.

Thus, to issue an ECO:

· Fill out the ECO form, one per drawing, and distribute it to production and all affected engineers.

· If you don't immediately fix the drawing, clip it to the affected drawing and mark the Master Drawing Book as described.

· If necessary, pencil the changes onto the Master drawing.

· Increment the Configuration Drawing version number immediately. Add a line to the Master Drawing Book after the Configuration drawing entry describing the reason for the change, and listing the effected drawings.

· If the change is a mod, consult with production on the proposed routing of the mod.

· If the change is critical, instruct production to incorporate it into current work-in-progress.

· Remember that most likely several drawings will be effected: a new mod will effect the schematic and the BOM that shows the mod list.

To incorporate an ECO into a drawing:

· Make whatever changes are needed to incorporate ALL ECOs clipped to that drawing.

· Revise the version letter upwards.

· Generate a new Master drawing, and Obsolete the old Master.

· Delete the ECO file from the network drive.

· Revise the Version letter on the Configuration drawing.

Responsibilities

The engineer making a change is responsible to insure that change is propagated into the drawing system, and that the information is disseminated to all parties. He/she is responsible for filing the drawings, removing and refiling obsoleted drawings, stamping MASTER or OBSOLETE, etc.

The engineer making the change must update production’s master ROM/PAL computer with current programming files, and the drawings with checksums and versions as appropriate. The engineer must immediately also update the network drive, and pass out ECOs.

Nothing in this precludes the use of clerical staff to help. However, final responsibility for correctness lies with the engineer making changes.

The Master Drawing Book does contains information about "Specials" we've produced. The manufacturing technician is responsible to insure that all appropriate information is saved both in this Book and in the unit's folder.

The production lab MUST maintain an accurate, neat book of CURRENT BOMs, to insure the units are built properly. Every change will result in an ECO; the lab must file that promptly.
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