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lOP Design Review - 4/13/84 

lOP 

Based on Intel 80186 microprocessor 

8 MHz, enhanced 8086 family cpu 

Integrated DMA Controller, Interrupt Controller, Timers, Clock 

Generator, & Programmable Wait State and Chip Select Logic. 

Direct addressing capability to 1 MByte of memory and 64 KByte ofliO. 

Uses traditional up bus architecture 

Interrupt driven 

Normally - Ready System 

Can access both local memory & main memory 

Support external bus masters 

Can be extended through additional option slots 
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lOP Design Review - 4/13/84 

Local Memory 

16 KBytes of EProm (0 wait state) 

16 KBytes ofSRAM (0 wait state) 

EProm contains booting & initialization code, Burdock kernel, & 
some diagnostic software 

SRAM is used for operating system software, interrupt vector table, 
& local buffering 

Bus Masters 

Four Bus Masters 

1. lOP 80186 

2. PCE 80186 

3. RD-DMA Controller 

4. Ethernet Controller 

Bus arbitration is handled by special hardware 
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lOP Bus Bandwidth 

Data path is 16 bits wide (2 bytes, or 1 word) 

8 MHz clock produces 125 ns T-states 

A minimum of 4 T-states (T1, T2, T3, T4) are required per bus cycle, 
i.e., a minimum bus cycle is 500 ns 

80186 can potentially transfer data at 4 MBytes/s 

This potential is achieved on accesses to lOP's local RAM and 
EProm. 

However, most 110 is to/from main memory (thru A-Chip) which is 
slower and degraded by contentio~ . . 

Each wait state will degrade BW by about 20% 

From simulation studies, the average number of wait state for 
accessing main memory is 2.15 with 2 A-Chips and 2.98 with 1 A­
Chip. [Ref = Daisy System Simulation & Performance Report by Abdo 
Kadifa, 5/20/84] 
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Integrated DMA Controller 

2 DMA channels, each has a request input but no acknowledge 
output. 

Floppy Disk uses one channel 

Every integrated DMA transfer in 80186 consists of2 independent 
bus cycles: a ttfetch" cycle followed by a ttdeposit" cycle 

Fetch : Internal Temp Reg +- Source 

Deposit: Destination ~ Internal Temp reg 

Potential transfer rate: 2 MBytes/s 

External HOLD has higher priority over an integrated DMA 
transfer 
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Bus Master 

PU :::J AA.20· AA .23 

AA .16·AA.19 

From E AD.08-AD.15 

Bus Mast.rs E AD .OO - AD .07 

BHE' 

(I0P1B6, PU :::J SO' PC1B6, 
ENetCtlr. PU :::J 51 ' 

RD Dma Ctir) 
PU :::J 52 ' 

From lOP 
8MHzClk 

From lOP 
MasterRst ' 

To lOP. buffer by 74AI.S244 E AChieALE 

To lOP. buffer by 74AI.S244 E 
PU :::J AChieRd ' 

To lOP, buffer by 74AI.S244 E 
PU :::J AChleWrL' 

To lOP, buffer by 74AI.S244 E 
PU :::J AChieWrH ' 

To lOP, buffer by 74AI.S244 E 
PU :::J AChieLCS' 

To Reedy Logic ( 
PU :::J MemRdy 

To lOP Interrupt Ctlr E 
PU :::J VertlcalRetrace ' 

To lOP Interrupt CUr ( 
PU :::J Pa rityCheck ' 

:Lc:..~ vc.s I 

PU " 10.0 K, pull-up on lOP board . 

SelectAO '. A 1 '. A2' A3J 
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MapF ' 
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Why A chip is used to generate some of the 80186 control signals instead of using those available from 80186? 

1. When the 80186 relinquish the bus to other bus master device(s). it lIoats the bus control signals and deactivates ALE, 
memory-select, and peripheral-select signals. So it an ext. bus master wants to address memory & peripheral devices, 
discrete chip select and ready generation logic must be used . But by usi ng the A chip to generate these signals (ALE, LCS ', 
ARdy) , this logic can be saved . 

2 . When80186issetuptooperateln "OueueStatus"mode,theRD' linelsext. grounded, ALE" 050, WR'" 051 . 
That i8, they are not available from 80186 any more. Oueue status mode Is used for 8087 NDP extension . 
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IOP80186 Memory Address Space 

AA.23 - AA.20 
~ OFH 

1'M 512K 256K 12B164K 32K 16K BK 14K 2K 

1 MBytes of Address Apace 

16 KBytes of SRAM (temp only) 
uses MCSO' . 0 w.s. 
located at 10000H •• 13FFFH 

FFFFFH 

FCOOOH 
FBFFFH 

4000H 
3FFFH 

OH 

16 KBytes 
Local EPROM 

DRAMs 

located 

in 

Main 

Memory 

16 KBytes 
Local RAM 

Base address of mid· range memory must be a integer multiple of total block size. 

Project File 

1K 512 256 

o wait state 
UCS' 

at least 

1 wait state 

o walt state 
AChiplCS' 

Designer 

12B 64 

XEROX 
SDD Daisy 80186 Memory Address Space DIOP50.silx Tsang 

32 16 B 4 

Function 

• StartUp ROM 

• lOP BIOS 

• local Memory 

• Interrupt Vector Table 
(max 1K) 

Rev Date 
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Daisy: lOP software architecture and issues 2 

2.3 Address spaces 

There are several types of address in Daisy, all of them used by the lOP at one time or 
another. The memory subsystem uses the real address space. On Daisy, this is 16Mb (24 
bits), although typically, memory will only be provided for part of that. Application code 
in the Mesa machine uses the Mesa virtual address space (or just virtual address space). 
Virtual addresses are normally converted to real addresses by the Mesa microcode, but 
will occasionally be passed via IOCBs to the lOP, in which case the lOP has to perform the 
virtual-to-real translation. :The pagemap to effect this translation lives at a well-known 
place in real memory. The 10 system address space is 16Mb big, divided into 14Mb of real 
address space, 1Mb of lOP logical address space and 1Mb of PC logical address space. The 
logical address sp~ces are provided because of the 1Mb address limit of the 80186 
processors; they are (partially) mapped into real memory by the A-chips. These allow the 
logical address spaces to be mapped in units of 128Kb to arbitrary 128Kb aligned blocks of 
real memory. For protection reasons, the mapping for both the PC and lOP logical address 
spaces will be under the control of the lOP. 

High bandwidth devices (Ethernet and rigid disk) use the real address part of the 10 
system address space to access client data directly. Therefore, there is no need to copy data 
between device buffers and client buffers. In addition, because the lOP's logical address 
space is also available, the device controllers can pick up control information directly from 
the lOP as well, without the lOP having to convert the addresses of control blocks from 
logical to real addresses. Likewise the devices can read or write on behalf of the PC 
directly into the PC logical address spa~e yrithout the lOP having to convert those logical 
addresses to real. 

···················f············· FFFFFF Figure 2.3: 

lOP address space The 10 system address space 

l·······..I--..:.F~~F~.:;:;:FF:;.IF ~ 
PC address space '- : ... ~ ...... .... . 

~ mafped into ; 
•• ••.•...•..•... EOOOOO : re~ mAemhf!ry :~ romI 

disklEthernet 
address space 

DFFFFF : VIa -<; Ip : OFFFFF 
: map-registers : 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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

I .. •••••...•. • •....•..•• • ..•• 

I : ~ direct mapping ;...~ --~. I I ··· .. ······· ·· ············ ... 
.... ...... ...... .... .... .. ....... .. . ~ 

10 system 
address space 

memory system 
real address space 

Note: although only 14Mb of real memory is shown, the A -chip map registers and the Mesa machine can access a 
full 16Mb. Howeuer. the top 2Mb cannot be directly addressed by the disk or Ethernet and so this part of real 

memory, if prouided. would haue to be treated specially - perhaps for the display bank or for resident code. 

., ., 



Daisy: lOP software architecture and issues 2 

2.4 Outline of the A-chip map registers 

The memory subsystem is controlled by a set of A-chips, each A-chip driving 1Mb of 
memory. Each A-chip has a set of 8 map registers which together cover the 1Mb logical 
address spaces. Each map register has two enables which indicate whether it should 
respond to the corresponding part of the lOP logical address space and/or to the 
corresponding part of the PC logical address space. If a map register is enabled, it can 
map that part of the appropriate logical address space to any 128Kb aligned block of the 
real memory it controls. With many A-chips in a system, care must be taken so that two 
A-chips are not both programmed to respond to a particular address. 

Thus, by using the A-chip map registers appropriately, the lOP can access all of main 
memory (although 'only eight 128Kb blocks at a time). It also has to share the use of the 
map registers with the PC in a single A-chip system, whereas in a multi-A-chip system it 
might be convenient for different A-chips to respond to the same address for the two cases 
of a PC logical address and of a lOP logical address. 

The mapping can also be disabled so that the disk and Ethernet can also supply real 
addresses to the A-chips. This is because the disk and Ethernet are capable of generating 
24 bit addresses rather than the 20 of the lOP and PC 80186s. 

2.5 Device controller types and address allocation 

-- to be written 

2-3 



lOP 80186 1/0 Address Space 

= 0 

256 bytes 

2 K bytes 

2 K bytes 

2 K bytes 

24 K bytes 

16 K bytes 

13 K bytes 

1 K bytes 

896 bytes 
(380H) 

FFFF 

FFOO 

F800 
F7FF 

FOOO 
EFFF 

E800 
E7FF 

H 

H 

H 
H 

H 
H 

H 
H 

EOOO 
DFFF 

H 
H 

8000H 

7FFFH 

4000H 

[ 

3FFFH 

COOH 
BFFH 

1 

BOOH 
AFFH 

AOOH 
9FFH 

900H 
8FFH 

8QOH 
7FFH 

37FH 

OH 

32K 16K 
8K I 4K 

2K IK 512 

64 KBytes of I/O Space 

80186 
__ . _PerlE.tle!!LC.2!!!r.2.!l!l~ __ 

Unused 

Dawn Color Display 12K) 

Dawn Mono Display 12K) 

Dawn Mesa Processor 1/0 12K) 

Dawn 
= 

Control 

Store 

For lOP 

Expansion Channel 

Reserved 

(max 8 A-chips) 

A Chip 3 Regs 1256 bytes) 

A Chip 2 Regs . 1256 bytes) 

A Chip 1 Regs 1256 bytes) 

A Chip 0 Regs 1256 bytes) 

Not Used 11K + 128) -----------
PCS4 - PCS6. 

PCSO - PCS3 

Each line active lor 1'28 bytes 

Note: Base address of PCS's must be Integer multiple of 1 K. 
Peripheral Control Block can be relocated to any 256 byte boundary. 
OF8 to OFF are reserved by Intel. 
IBM PC I/O device add resses are located in the lowest 1 K. 

XEROX 
Project File 

SOD Daisy 801861/0 Address Space DIOP51.silx 
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Note: Picture not to scale 

Decoded by Dawn's 

Mesa & DCM boards 

Decoded by separate 

Option Boards 
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by History Buffer Board. 

Add ress 1 OOOH - 1 FFFH 
may be needed for Conlig EEProm 

t PCS6 
o W.S. PCS5 

PCS4 ROC 

1 PCS3 
PCS2 

1 W.S. PCS1 

PC SO 
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lOP 1/0 Controllersusethe80186 PCSlines . 
Sase address of PCS 's starts at OH in 80186 1/0 space. 
The seven PCS lines are allocated as tollows : 

Address Usages 

PCS.O: O· 7FH 1/0 Controllers 

'w·1 
PCS.1 : 80· FFH Mise 10P'I/0 (Note : F8 to FFH reserved by Intel) 

PCS.2 : 100· 17FH 

PCS.3 : 180· 1FFH 

ow·1 
PCS.4 : 200- 27FH 

PCS.5 : 280· 2FFH 

PCS.6 : 300· 37FH 

PCS.O 

Address (Hex) ..B.!.!L 
825SlA Masle, Inl, CtI, 

0 IRR. ISR 

2 IMR 

8259A Slave Inl, Crt, 

10 IRR. lSR 

12 IMR 

8254 Time, 

20 Timer Counter 0 

22 Timer Counter 1 

24 Timer Counter 2 

26 

82,51A Ua,' (Keyboa,d/Mouse) 

30 Uart Rx Data 

32 Uart Status 

8274 RS232C CtI, 

40 

42 

44 

46 

8272A FDC 

50 

52 

54 

56 

Ch A Rx Data 

Ch A Status 

Ch B Rx Data 

Ch B Status 

FOC Main Status Reg 

FDC Data Reg Stack 

Dma Read t ram FOC 

Terminal Count to FDC 

8259A Expansion Inl, Ctlr 

60 IRR, ISR 

IMR 62 

8255A-5 PIO Burdock Inlerface 

7'0 Port A 

72 Port B 

74 , Port C 

76 (il/ege/) 

XEROX 
P,oject 

PCE 

PCE 

Rigid Disk 

unused 

unused 

ICW1. OCW2. OCW3 

ICW2.ICW3. ICW4. OCW1 

ICW1 , OCW2. OCW3 

ICW2.ICW3, ICW4. OCW1 

Timer Counter 0 

Timer Counter 1 

Timer Counter 2 

Timer Mode 

Uart Tx Data 

Uart Ctl Word 

Ch A Tx Data 

Ch A Cmd/Parm 

Ch B Tx Data 

Ch B Cmd/Parm 

{/liege/} 

FOC Data Reg Stack 

Oma Write to FOC 

(fo, polling only) 

ICW1. OCW2. OCW3 

ICW2 , ICW3. ICW4. OCW1 

Port A 

Port B 

Port C 

Control Word 

SOD Daisy lOP I/O Controller Addresses 

peS.1 

Add ress (Hex) ..B.!.!L ...1!!!!!.. 

80 input Port Control Reg 

gO Host Add ress PROM LED 
(9O .92.94.96 .98.9A.9C ,9EH) 

AO Clea r Ring Latch ENet Attn 

BO Clear Mesa Mesa Processorl 
Interrupt Latch Contro l Store Reg 

CO 
Clear ENet Reserved 

Interrupt Latch (mey be used for 

00 X 
W,ConflgReg' ) 

EO X AllowPCCmd' 

FO HoldlOPCmd ' AliowROCCmd' 

Note : address OF8H •• OFFH are reserved by Intel. 

File Designer Rev Dete Pege 
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READ WRITE 

Input Port Control Reg LED Mesa Proc/ Reset Control EEProm Conflg 

(801'1) (801'1) (901'1) Control Store Reg (COH) Reg (DOH) 
ReQ (BOH) (mavbe) 

8272A FDC Speaker LEO Cont rol Store Enable Serial 
Bit 15 Ethernet EEProm Interrupt Data digit 3 Wr Enable Int Loopback Enable Reauest 

8272A FDC 
Enable 186 LEO Control Store Enable 

Bit 14 Dma Keyboard unused 
Request TimerO digit 3 Load/Shift' Int Loopback 

Data From 
FDD LEO Cont rol Store Allow to 

Bit 13 Cont rol Store 
Motor On Access Byte-wid ~ unused 

(1 b it only) digit 3 BufferEn EEProm 

FDD LED Data To Serial 
Bit 12 Daybreak/ Cont rol Store unused EEProm 

Daisy ' ID In Use digit 3 (1 bit only) Data In 

Data From Allow Timer 1 
Bi t 11 Conflg EEProm tei generate LED Cont rol Store unused unused 

(1 bit only) ~:II2~m~C in d igit 2 Sh ift Clock 
I ... , ' h 

RS232 
LEO Bit 10 Ch A DSR' unused unused unused unused 

(L active) digit 2 

RS232 Ch A SelRS232 
LED Halt Reset Bit 9 Ring Indicator' Ch A to use Mesa Proc ' unused 

(L active) internal clock digit 2 ' (L active) Dma·Flfo ' 

RS232 Enable RS232 . LEO Interrupt Reset Serial 
Bit 8 Ch B DTR' Ch B to send EEProm 

(L active) clock signats digit 2 Mesa Proc PCE·80186' Clock 

Bit 7 SpkerTjmer / LEO / Reset / digit 1 ROC' 

Bit 6 
Serial ,// LED / Reset ~/ 

EEPromRdy // digit 1 Mesa Proc ' // 

////' LED 
,/ // 

Bit 5 DipSw .5 ~/ 
Reset ~. 

digit 1 
Keyboard' //~ 

.// LED // Reset /". 
Bit 4 DipSw .4 Burdock /~ 

digit 1 CUr 8255·5 ' /' 
/ 

/.,/ // Reset / 

Bit 3 DipSw .3 . LED Keyboard / " 
/~ digit 0 Uart8251A' ,.../' 

/ " 
,/ 

/ 
,. . .., .. 

Bit 2 DlpSw .2 /// 
LED Reset .. ,~' 

digit 0 FDCUr8272A ' ~/,/" 
/ 

/ ,/ ,.-
/ LED ./ 

Reset / 
Bit 1 OipSw. 1 . //. RS232 CUr ///' . 

digit 0 8274' 

, .// ,/ ~. 

Bi t 0 OipSw.O 
.. / ,/ 

LEO ,/ Reset ~,...,/ 
ENet Ctlr digit 0 / 82586 ' ,...' 

XEROX 
Project Fite Designer Rev Date Page 
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Interrupts 

uP One Master . Four Slaves 

Pa ritv Check 8274 (s/avj) 
8259A 0 ,....-- RS232C 

PIC 
1 

Inout From Bu rdock DTE & DCE 

IntO i' IntrRea 
Int 2 Outout To Burdock 

(master) 3 RS232C 

Int2 
IntrAck' 

IntA' 4 l.- Kbrd/Mouse Innut 

5 
From Slave 8259A 

From 80186 
6 

80186 8259A 0 
Display Vert Event 

CASO·2 7 

Uk 
PIC 

1 ENet 

Burdock NMI L-- Int 2 
ROC Dma 

NMI 
Int1 i' 801861ntrsel 

ROC Ctlr (slave) 3 
IntrAck ' 

IntA' 4 FDC 

Int3 80186 intr reo 
5 

Me,a orocessor 

B 
P 
B 

urdock Rese\~ 
ower·on Reset . Rst 
oot Reset 

80186 oeerates in 

• iRMX mode 

• as slave to ext intr ctlr 

• internal vectoring 

Master PIC 8259A oee rates in 

• n n· f o bu fered mode 

• cascade mode 

• special fully nested mode 

• all inputs are edge triggered 

Slave PIC 8259A operates in 

• non· buffered mode 

• cascade mode 

• all inputs are edge triggered 

Advantage : Interrupt vectors for 80186 Interna l peripherals are programmable . 

RM~f de (The 80186 Interrupt Vector Register specifies the 5 m.S. bits. 
mo the lower 3 sig . bits are determined by the priority level of the 

internal device causing the interrupt in iRMX model . 

6 

CASO·2 
7 .. 

::!:!J 

80186 

TlmerO 
DMAO 

(s/l 
DMA 1 
Timer 1 
Timer 2 

: 

8259A 0 
PIC 1 

Exoansion Intrs 
(s/alle) 

Int 2 

3 
IntrAck ' 

IntA' 4 

(Exp) 5 

6 

CASO·2 
7 

::ill 

Vector Types 

• max 256 allowed (limited by 8 bits vectorl. 
including predefined and reserved ones. 

·0·19 pre·defined for 80186. 

·20·31 reserved by Intel. 

PC Emulation 

lie) 

XlntrReaO 

XlntrRea1 

XlntrRea2 

XlntrRea3 

XlntrReo4 

XlntrRea5 

XlntrRea6 

XlntrReo7 

lOP interrupt types ~hould start at 32. 

Disadvantages: Take 55 c.c. to process an Interrupt (internal or external vectoringl. 

XEROX Project File Designe, Rev Oat. 
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XEROX 
SOD 

Timers 

80186: TimerO : Speaker Ci rcu it (Clock·ln = Internal 2 MHz clock) 

Timer1 : FoC Terminal Count (Clock·ln : 8272A FoC oma Ack ) (internal timers. 
16 bits wide) 

Timer2 : Reserved for Operating System (Clock·ln = Internal 2 MHz clock . no ext output) 

8254 : 
( 8 bits wide) 

4 MHz Clk 

Project 

TimerO : RS232C oTE baud rate 

Timer1 : RS232C oCE baud rate 

Timer2 : Keyboard/Mouse baud rate 

8254 Timer 

15 0 .J1..JL 
Counter 

sq wave 

SeudRete TimeConst 

19200 13 

9600 26 

7200 35 

4800 52 

3600 69 

2400 104 

2000 125 

1800 139 

1200 208 

600 417 

300 833 

150 1667 

134.5 1859 

110 2272 

75 3333 

50 5000 

Time Constant 
4 x 10 6 

( clock in = 4.0 MHz) 

( clock in = 4.0 MHz) 

( clock in = 4 .0 MHz) 

8274 
Seriel Controller 

di vide I 
by 16 

Error 

0 .16 % 

0 .16 0 ... 

0.79 % 

0 .16 % 

0 .64 % 

0 .16 0.., 

0 % 

0.08 0.., 

0 .16 % 

0.08 0.., 

0.04 % 

0.02 % 

0 .01 0,.. 

0 .03 0.., 

0 .01 0 ... 

0 0A:, 

Baud Rate 

(baud rate) (16) 

0 ... Error b t 
4x106 

a s 
(time const) • (b'aud rate) 

File 

- 1] x 100° ... 
. (16) 

Designer 
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Rstln' RstOut J---.., 

80186 

• PowerNormal becomes H btwn 50 - 250 ms after all 
power supply outputs have exceeded 94°", of nominal. 

C> ALS244 

C> ALS244 

Reset 
Control 

Reg 

LS273 

CLR 

MP&CS 
Interface 

LS273 

CLR 

• •• other FF's 
& regs 

• Pressing the Boot Button w il l generate a L pulse of - 0.5 s. 

IOPResetln ' 

MasterRst' 

Reset-Sys' 

Reset·Exp· 

Individual 
Peripheral 
Cont rollers 

(To arbltor, mode logic) 

(To lOP, ROC, Dma on same board) 

(At 165-pln connector, 
for MPS, DCM, MES. SI A boards) 

(At 96-pin connector. 
for Expansion Channel) 

& Mesa Proc 
Reset 
Signals 

HaltMP' 

• Reset Signal from 8urdock must be at least 500 ns wide (80186 requirement) . 

• Software resets of peripheral controllers should be at least 
20 us long (due to keyboard reset requirement). 

• When floppy disk controller is reset or du ring machine power up , 
the Write Current is cut,off . 

• When rigid disk controller is reset or du ring machine power uP. 
the Write Current is cut-off. 

XEROX 
Project 

SOD Daisy Reset Logic 
File Designer Rev Dale 

DIOP494.silx Tsang F 6/12/84 
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Initialization and Processor Reset 

Processor initialization or startup is accomplished 
by driving the R3 input pin LOW. ~ forces the 
80186 to terminate all execution and local bus ac­
tivity. No instruction or bus activity wi." occ:ur as long 
as m is active. After RES becomes inactive and an 
internal processing interval elapses. the 80186 
begins execution with the instruction at physical 10-
cation FFFFO(H). m also sets some registers to 
predefined values as shown in Table 5. : 

Table 5. 80186 Initial Register State after RESET 

Status Word FOO2(H) 
Instruction Pointer OOOO(H) 
Code Segment FFFF(H) 
Oata Segment OOOO(H) 
Extra Segment OOOO(H) 
Stack Segment OOOO{H) 
Relocation Register 20FF(H) 
UMCS FFF8(H) 

* F~clt, I~ ;"st At Cs: IP = ~: ~ 
it /(~/"c Kllj ~1w1A1J. • _4"8 FF -for-

• ~MX MDJ.e 

• ftriphup.1 Cnrt~i 81'"= ~ st4tt at 
't FF'-"I. II ilt Z/D Sf«e.. 

LOcal Bus Controller and Reset 

Upon receipt of a RESET pulse from the Am input. 
the local bus controller will perform the following 
actions: , 
• Drive r:>EN. m>. and vm HIGH for one clock cycle. 

then float. 

NOTE: J!rn is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 

• Drive SO-52 to the passive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 
• Trist~te ADO-15. A16-19. lffiE. DT/l!i. 

. • Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW ( "c-t~ 2) 

,Vote 2: If ~L1J = H #ft., KfSET = H 
I 

HU>A lIIil/ l' H 2 t.e. Ilk,.. 

Chip Select/Ready Logic and Reset 

Upon reset. the Chip-SelectlReady Logic will per· 
form the following actions: . 

• All chip-select outputa will be driven HIGH. 
• Upon leaving RESET. the CTCS line will be pro­

grammed to provide chip selects to a 1 K block: with 
the accompanying READY control bits eet at 01 1 to 

allow the maximum number of intemal walt Itate. 
In conjunction with extemal Ready consideration 
(i .... UMCS resets to FFFBH). . 

• ·No other chip select or READY control regilters ' "1 
have any predefined values after RESET. They will . 
not become active until the CPU accenel thair 
control registers. Both the PACS and MPCS regit- .. • 
ters mUlt be acceaaed before the Pes linea wi. 
become active. 

DMA Channels and Reset 

Upon RESET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 

Interrupt Controller and Reset . 

Upon RESET, the interrupt controller win perform the 
fonowing actions: 

• All SFNM bits reset to O. implying Fully Nested 
Mode. 

~ All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
, 11). 

• All LTM bits reset to O. resulting in edge-Hnse 
mode. 

• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• All PRM (Priority Mask) bits set to 1. implying no 
levels mask:ed . 

• Initialized to non-iRMX 86 mode. 

Timers and Reset 

Upon RESET, the Timers will perform. the following 
actions: ' 

• All EN (Enable) bits are reset preventing timer 
counting . 

• All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A. resulting in the Timer Out 
pins gOing HIGH upon RESET. 



Relocation Regilt,r 

DMA Descriptors Channel 1 

DMA Descrlptorl Channel 0 

' . 

Chlp-S,lect Control Regist,,, 

'. 

TIm,r 2 Control Rltglst,,. 

Timer 1 Control Rltgist,,, 

Tlmltr 0 Controt Regilt,,, 

Interrupt Controner Rltglst,,. 

OFFSET 

FEH 

DAM 

DOH 

CAH 

COH 

AIH 

AOH 

60H 
5EH 

58H 
56H 

SOH 

3EH 

20H 

Figure A·1. 80186 Int.grated Peripheral Control Block 

15 14 13 12 " I 7 6 5 4 3 

.OFFSET: FEH! ET IRMX [ X I MIlO: R,location Add,. .. Bits Ale-AI 

ET • ESC Trap I No ESC Trap (110) 
MilO • Aeglet,r block locat.d In M.mory I VO Spac. (110) 
RMX • Mut,r Interrupt Controller mode IIRMX compatible 

Int.rNpt Controller mod. (011) 

Figure A·2. 80186 Relocation Regllter Layout 

OFFSET: 

AOH 

A2H 

A4H 

A&H 

AIH 

UPPER MEMORY SIZE 

LOWER MEMORY SIZE 

PERIPHERAL CHIP SELECT BASE ADDRESS 

MID-RANGE MEMORY BASE ADDRESS 

MID-RANGE MEMORY SIZE I ~ I : I 

1. Upper memory ready bits 
2. Lower memory ready bits 
3. PCSo.PCS3 ready bits 
4. Mid-range memory ready bltl 
5. PCS4-PCS6 ready bits 
6. MS: 1 - Peripherals active in memory space 

o - Peripherals active in 110 space 
EX:1 - 7 PCS lines 
0- PCS5 - A1. peS6 - A2 

Not all bits of every field are used 

CD 
<D 
<D 
CD 
CD 

UMCS 

LMCS 

PACS 

MMCS 

MPCI 

Figure 72. 80186 Chip Select Control Registe,. 

2 o 



XEROX 
Project 

SOD Daisy 

Definition of Power Normal: 

Power 
Supply 
Outputs 

94% of 
nomin81 

Power 
Normal 
signal 

~I 
initial tlJfn-on 
time. "'00 ms 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 

50-250 ms 

From the power supply spec: 

A PowerNormal shall be provrded to indicate that ALL outputs a ... e 

"UP AND USABLE" after the turn-on period, and also to Indicate imminent 

loss of output during turn-off or AC input power failure. 

1. During AC Input turn-on, PowerNormal shall become logically H between 

50 and 250 ms after all outputs have exceeded 94% of nominal. 

2. During AC input turn-off or loss of AC input power, PowerNormal shall 

go lOgically L before any output decreases to 94% of nominal. 

3. During momentary loss of input power for any duration, or for repeated 

AC input ON-OFF cycles, PowerNormal shall go L before any outputs 

dec reases to 94% of nominal, and if PowerNormal goes L. it shall not go 

H until 50 to 250 ms after all outputs are above 94% of nominal. 

File DeSigner 

Def of Power Normal Signal DIOP497.silx Tsang 

- Outputs Voltage 
Nominal Regulation 
Voltages (atPS) 

+ 5.1 v .!. , o~ 

• 12.0 v .!.3% 

- 12.0 v .!.3% 

- 5.2 v .!. 3 .", ??? 
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XEROX 
SOO 

lOP 80 186 Ready Logic: 

r:------, 
Opt 1 

I = s38P-t---, L _____ .J 
+5" +5" 

r:------, 
Opt 2 

I = s380--+-...... L _____ .J J 2K Mux 
'> 

r:------:l Opt 3 . 

I = s38P-t----' L _____ .J 

I/oRd 
A 

Q 

MemRd B 

To lOP 80186 . 
1-___ I.:;:O~P..:A;:.:R.::d::..._:> Ethernet Ctlr. 

& DmaCtlr. 

Sel 
rPD • 6. 10 

Latched S.2' 

(Hlo,mem, L 1o, I/O) 

r---------------------~:> ToPCE801S6 

~~-----, /\ 
I +5" I/'\ 
I I Daybreak / \ Daisy 

/' 
I I / . \ 
I 2K I / '\ 
I I // \ 
I 6380--4-+---.----L _____ .J 

Rdy Rdy Rdy 

A Chip 0 A Chip 1 A Chip 2 

~;; - - - --, 
I - 380--+--..J L _____ .J 

Note: 

• lOP is a NORMALLY·READY system. 

• Only the ARdy of 80186 Is used. SRdy is not used . 

• ARdy is separated into MemRdy and I/0Rdy in order to reduce loadings & faster rise time. 

• I/0Rdy is connected to Expansion Slots only. 
AChip internal registers, Daybreak Mono Display. Daybreak Color Display , and Mesa Processor 1/0 
are also located In lOP 80186110 space. But because they require no wait state , they don't need 
to pull I/0Rdy low. So I/0Rdy is NOT provided to them. 

• All expansion devices must be in 1/0 space. So MemRdy in not provided to Expansion Slots. 

Project File Oe$;gn.r 

Daisy Ready Logic DIOP49.silx Tsang 

I 

Rdy 
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10 MHz + 

10 MHz· 
(To 8x305) 

12~:CH'I~ ___________ 1 ~~S-2-4~0----------~--------------~2~0~M~H~Z----- (To ENet Ctlr) 

80 186 ClkOut : 

, OH: 200 uA 

'OL = 2500uA 

Te rminations : 

Project 
XEROX 

Daisy SOD 

Tester 

ALS244 
PO=3.10 

+5V 

MEB 

+5V 
OPT 

1 

16MHz Ik·b 

S240 

80186 

Clkln· ClkOu 

5/A 
OeM 

BMHz 

MPB 

OPT 

lOP 

lOP 

File 

PCE 

OPT 

+5V 

1 
C> S244 
tPO = 6.9 

Expect Termination. 
on backplane or 
farthe, board. 

8MHzClk·bp 
(To MPB, DCM, 

MEB, S/ A Boards) 

_[) 8MHz~lk·exp 

5244 
(To Expansion 

Channel) 

S244 

[:>0 S240 
tPO=5 ,7 

+ 5V 

1 

+ 5V 
I 

1 
Designer 

8MHzClk 

8MHz!,;;lk' 

Rev Dete 

(loca' use on 
'OPboa,d) 

(loca' use on 
lOP board) 

Pege 
Clock Distribution DIOP495.silx Tsang F 6/01/84 495x 

on lOP Board 



lOP Burdock Port: 

lOP Debuggee 8255 

Data Sus A (0-7) 

I 8255A-5 
Master 

I 8259A 

00-07 00-07 

I 
80186 Inout Interruot Receive 

IR1 PCO Port B opto-
r Intr -"- Intr 

I 
1 isolators 

IntrA' IntrA' 

IR 
Outout Interruot 

PC3 
Send rl 

Port A 

I line drivers L, •. .{ 

NMI 

Resetln' 

I 
I 

XEROX 
Project 

SOD Daisy 

Reset 8255 "- RST 
( Reset CII Reg 

@ OCOH, bit 4) 

I 

I 
()~~. 

~11 /J NMI from OebuQQer.' 
~ .... 

I 
'-J. 

One 
I rr Reset from Oebuooer' 

OR t=: I -'--\. 

/OCM 
/ MPB Physical Connection: 

Dove 
lOP 

Board 

Burdock 
box 

Q- ~ I cBble 

I 

t 
this box of hardware will be absorbed 
in the History Buffer Board. 

File Designer 

lOP Bu rdock Interface DIOP498.silx Tsang 

On~ 

Burdock 
box 

I I 

1 I 

Rev 

F 

Debugger 8255 

I 

I rq,J 

I \ 8255A-

..41 
Port A 

I 
~ 

5 

I 
Port B 

I 
I 

I 

I 
PC4 

I 
I pe5 

Dandelion 

I-D lOP 
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* 

* 

* 

* 

* 

Keyboard/Mouse Controller 

Support low-profile keyboard 

8251A DART based controller 

Serial & differential transmission from' 
processor at 9600 bps 

f 3 b keyboard 

A Reset signal to allow lOP to reset keyboard processor 

Keyboard processor itself handles the mouse 



Keyboard/Mouse Interface: 

K bLoooBackOata (For dilJSlnostlc only) 

(1) KbrdOata-

> < 

(1) KbrdOata + 
<;, 

- " I " 
~>. ~~ 

OataFromKbrd 
RxO TxO 

K bLooJ)Back 

(From Reset Ctl Reg 
@OCOH, bit 13) 

5 ResetKBrd' <J 
CD 4 + 5v To Ke~board 

Fuse 

CD Loaic Ground 

Notes: 

• Transmission rate: 9600 baud 

• 1 start bit . 8 data bits. 1 stop bit. 
- 1 character per ms. 

EnKbRcvr' 

ReaetKb ' 

V~~ 

• kbtakes - 10-12msperscan, thentake 
- 5 ms to send 1 - 3 bytes of 
kb/mouse code to lOP. 

• The receiver on the lOP is enabled by activating 
the RTS control signal of the 8274. 
Software must activate this signal in order to 
receive transmission from keyboard. 

The iocal driver should be disabled for 
normal operation. 

• Transmission Picture: 

KbClk 

(8254 Time' 2) 

{From Reset Ctl Reg 
@ OCOH, bi t 51 

~k ____ '0_-1_2_m_s ____ ~)I~k ____________ ~)II~( ______ __ 
••• • •• 
t 

1 byte 

XEROX 
Project File 

RTS' 

8251A 

TxC ' 

L RxC' 

----: 

RxRdy 
IntrReq (To master 

8259,IR41 
Data Bus A 

00-7 

• When ResetKBrd' is active (ie, keyboard under 
reset) , the driver at the keyboard end is disabled. 
So, If want to have localloopback for diagnostics 
without disconnecting the keyboard cable , 
MUST have the keyboard until reset. 

Then software can acti vate KbLoopBack signal to 
enable the local driver, and send TxO back to RxO. 

• Only the receive channel (RxRdy) will generate 
interrupt upon receiving a character. 

When running diagnostic , should POLL TxRdy = H for 
transmission . TxRdy is not connected to intr etlr. 

·6wiresconnector, 
AMP OMP-R1 A9S1 A-xxx with right angle header. 

Connector: 

KbrdOata + 1 
KbrdOata- 2 
Gnd 3 
Vec 4 
ResetKBrd' 5 
unused 6 

Designer Rev Oa,e Page 

SOD Daisy Keyboard/Mouse Interface DIOP45.silx Tsang F 6/07/84 45 



Speaker Interface: 

80186 
TimerO 

~ln.:.:t~e.:.rn:.:.a~1 2~M::.H~Z:r:..:::C:.:ilk::........;;;.t Clock 
S kerTimer' 

-:E:.:.nT.:.:.:.im:.:.e~rO~ ________ ~Gate 

(From Control Reg, 
//0 address OBOH, 
bit 14) 

SekerData' 

(From Control Reg, 
I/O address OBOH, 
bit 15) 

. Two ways to generate sound from spealeer: 

1. USing the 80186 Integrated Timer 0 

Set Control Reg, bit 14 • H, (En TimerO) 
Cont rol Reg , bit 15 " H, (SplcerOat.) 

Example: 

To Input Port, 
bit 7 

Set up Timer 0 for dual max count mode.& set the AL T control bit. 
Then the timer output will be L If Max Count Reg 81s being used 
for current count, H if Max Count Reg A is being used. 

This method does not tie up the processor. 

2. Use software to write to the speaker di rectly and use 
software loop to generate the waveform. This will tie 
.up the processor. 

Set Cont rol Reg, bit 14 = L to disable the time r. 
then toggle Control Reg. bit 15, as desired. 

Theory of Operation: 

Fused + 5v 

Driver Low 
Pass 
Filter 

Send a stream of electrical pulses to drive the speaker 's diaphragm in and out. producing 
the pulses of air movement that make up sound. 

Volumn is related to voltage level (no adjustment for Daisy). 
Frequency or pitch is related to shape of waveform. 

Voice f reg band: 200· 3200 Hz 

XEROX 
Project File Designer 

SOD Daisy Speaker Interface DIOP47.silx Tsang 
Rev 
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, 

XEROX 
SOD 

Model Only: 
(to //lust rate how the 

signals are used) 

For more info. read the doc 
written by D.Davies. Stor.cJ at 

Tundra 

Daisy file drewer 

Sirius-lOP Interface 

Mesa Processor & Control Store Interface 

CSWrEn u Control Store 

I CS OataOut fOl 

CSBufferEn y 
(4) 

. CSOataln Bsl NIA I Data 1 
CSLoad/Shlft' 'I (12) (48) 
CSShiftClk 

HaltMesaP ' 

RstMesaP' 

IOPlnt rMesaP Mesa Chip MesaPlnt rIOP' 

Note : Shift Reg shifts on L-to-H trensltion of clock. 

s- bit Register 

OataB.15 LS273 CSWrEn 
OataB.14 
OataB.13 

From lOP OataB.12 
OataB.11 
OataB.10 
0.ataS.09 
OataS.OS 

X) WrCSRes ' (OUT OBOH, A 

( = L after reset) MasterRst ' 

PUe 

From MP MesaPlntrlOP 

00 
01 
02 
03 
04 
05 
06 
07 

CK 

11] 

ClrMesalntr' 

(IN BOH) 

From MP ) CSDatltOut 

Project 
Mesa Processor & 

Daisy Control Store Interface 

00 
01 

CSLoadl Shift' 

02 
CSBufferEn 

03 
SOataln 

04 SShiftClk 

05 I.e 
06 

HaltMesaP' , 

07 IOPlntrMesaP ::: .. 
CL' 
1 

RstMeseP' 

(Bit 6 of Reset Ctl R eg) 

Mesalnt rlOP 

#dn22a 

(ToBit f30flnputPort) 

File Designer 

DIOP48.silx Tsang 

To Mesa Processor 

> 

(To Slave 8259A, IR5) 
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* 

* 

* 

* 

* 

* 

* 

Expansion Channel 

Buffered Address Bus (16 bits only) 

Buffered Data Bus (16 bits) 

16 KBytes (or 8 Kwords) of lOP 80186 I/O addresses are allocated 
for Option slots (04000H - 07FFFH) 

Interrupts are available (7 or 8, TBD) 

One 80186 integrated DMA channel (TBD) 

3 slots in Daisy, 1 in Daybreak 

peE Emulation slot is a special slot. 



Expansion I/O Channel: 

XEROX 
SOD 

Signal Name Direction Description Loading Allowed 
PerEJCPSlot 

A.15-A.00 From lOP Latcn add ress bus . (Not 20 bits because only I/O space). 2 LS loads 

Data.15 - Bi·dlr Bi·directionaI16· blt data bus. 2 LS loads Data .00 

I/ORe/, From lOP Read signal. 2 LS loads 

I / OWrL ' From lOP Write signal kH Data .07· .00 (low byte) 2 LS loads 

I I 0WrH' From lOP W rite signal for Data .15 · .08 (high byte) 2 LS loads 

ALE From lOP Add ress Latch Enable 2 LS loads 

DEn' From lOP Data Enable. Used to enable Data Bus transceiver. 2 LS loads 

DT/R' From lOP 
Data Bus di rection signa l. H for Transmit. L lor Receive . 2 LS loads For direction input 01 transceiver. 

I/ORdy To lOP Device Ready input signal to 801 86. See Note 1 Input 

Reset' From lOP Reset Signal. Low·level act i ve . From 80186. 2 LS loads 

8 MHz Clk From lOP Clock signal. 8 MHz, from 80186 . 2 LS loads 

IntrReqo-7 To lOP Interrupt Request inputs to 8259 Slave. See Note 2 Input Edge·t rlgge red. 

ExpDmaReq' To lOP Dma Request input to 80186 integrated See Note 3 input DMA Controller. Low·level active. 

ExpChanSel' From lOP Low If the address for 801861/0 operations 2 LS loads is within the range allocated for Expansion Slots . (4000H· 7FFFH) 

Notes : 1. Suggested implementation 10 r I/ORdy 

DeviceNotReady 
Three Expansion Slots lor Daisy . 
One for Daybreak . 

All output signals are designed to dri ve 6 LS loads. 
two per Expansion Slots. 

L~ DeviceSeled ~ 1/0Rdy 

All expansion devices lie In the 80186110 space. 
16 KBytes 01 I/O addresses are allocated lor 
expansion devices. From 4000H· 7FFFH. . 

2. Interrupt Request inputs are edge·triggered 

===~ 
3. Suggested implementation lor 

ExpDmaReq' Is level triggered & 
sampled by80186 . 

ExpDmaReq' 

I~",*ll--

L~ _,,:,P~u:,,:,":,::u~P:....-____ Er __ -=E~x.t:p.:::D .. m.:.:a~R~e:.;9=-'_ 

DeviceDmaReg 

Project File DeSigner Rev Date Page 
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7 Last 8yte o 

FFFFF h 

FFFFE h A23 ISCP A16 

FFFFDh A15 ISCP A08 

FFFFCh A07 ISCP AOO 

FFFF8 h 

FFFFAh 

FFFFS h 

FFFFB h 

FFFF7 h 

FFFF6 h SYS8US = 0 

FFFF5 h 

FFFF4 h Oisp 

FFFF3 h E8 JMP Reset 186Plus (Short) 

FFFF2 h FF 

FFFF1 h AO 

~ Reset186 : FFFFO h 8A MOV 

FFFEF h FC 

FFFEE h 00 

FFFED h 00 

FFFECh 00 

FFFEB h EA JMP 

FFFEA h EF OUT 

FFFES h FC 

FFFE8 h 3C 

Reset186Plus : FFFE7 h 88 MOV 

TopAvailRom : FFFE6 h 

Note : T his is the way the uppermost bytes of EProm is set up in 

orcer to support ENet & ROC before Memory with mappins 

is available . 

XEROX Project File 

OX UMCSreg 

InitOaisy (Far Ptr) 

OX AX 

AX UMCSval 

Designer 

SCP 

SYSTEM 

CONFIG 

POINTER 

(ETH) 

(WINCH) 

Memo ry Allocation Sta rting 
SOD Daisy From Address OFFFF: 0 DIOP57.silx Thompson 

Rev Date Page 
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80/8 t 6/11 / 3Ji. ) 

SUMMARY OF B0186 ERRATA OESCRIPTIONS FROM INTEl. 

The following errata descriptions have been received from Intel and are 
repeated here for reference. Future developments will be reported over 
the Laurel mail system. There is currently a B·1 stepping, and a B·2 
stepping. There are now 8 problems identified SO far. They are described 
below. Note that the only problem fixed by going from B·1 to B·2 is 
problem number 5. 

#1.OMA REGISTERS (problem in mask B·1 and B·2) 

Any read of the upper " bits of the 2O-bit pointer registers in 
the integrated OMA controller will yield all O's. The OMA 
controller will continue to operate correctly if these registers 



New 186 Problem/C step delay 

are read. This does not prevent the DMA controller from 
responding properly to all 20 bits of the DMA memory location when 
a OMA cycle is run. The upper 4·blts must still be programmed 
with their correct value. 

SOLUTION: 

H the content of these upper 4 bits is reQuired. it can be 
determined by reading the DMA count register to determine the 
number of DMA transferS' which have occurred and adding this to the 
value with which the register was 'programmed. 

#' 2. QUEUE STATUS (problem in mask B·1 and B·2) 

When executing any instwction that causes a non·sequential 
instruction fetch (JMP. Conditional JMP with true condition. Call. 
IRET, etc.), the processor may not indicate "empty the Queue" 
status on the 80186 Queue status lines. This only affects 
operation with the 8087. or any device which attempts to track 
80186 execution using these signals. The Queue status lines are 
not normally driven by the 80186. Tbe part must be strapped into 
the Queue status mode for .these signals to be available outside 
the 80186. 

SOLUTION: 

There is no immediate solution except not to use the IRET 
instruction when using the 80186 with the BOS7. 

:- 3. IMPROPER INTERRUPT VECTORING (problem in mask B· 1 and B·2) 

When both the INTO and the TEST I line go high simultan.eously. the 
80186 will fetch the interrupt vector from the wrong location in 
the . interrupt vector table. The TEST I signal is used with the" 
BOS7 to allow concurrent execution between the two processors. 

SOLUTION: 

The TEST I line should always be tied low. This will allow the 
part to operate correctly. while not locking up the processor when 
the wait instruction is executed. This also only affects 
operation with the 8087. 

#4 .NON·CONTIGUOUS INTA CYCLES (problem in mask B·1 and B·2) 

When using OMA and the internal interrupt controller (cascaded. 
nested. fully nested. or RMXB6 modes). it is possible to get a DMA 
cycle between the two INT A cycles. 

SOLUTION: 

If it is recognized that an interrupt is coming in. external logic 
should be used to block the DMA request lines until atter the 
first INTA cycle has been completed . This will allow the second 
INTA cycle to be run before the DMA reQuest is recognized . The 
user should be positive that interrupts are enabled (STI 
instruction). otherwise the DMA may never be serviced. 

#'S.STRING MOVE INSTRUCTION (problem in Mask B·' only) 

The problem relates to the interaction of a bus HOLD with the 
execution of the STRING MOVE instruction. When a HOLD is received 
by the 80186. it will release the bus to the reQuesting device. 
When the HOLD reQuest is released. the B0186 should resume 
executing instructions. A HOLD reQuest could come from either the 
external bus (using the HOLD input to the processor) . or from the 

2 



New 180 Problem/C step delay 

internal OMA controller when a OMA transfer is pending. 

IF THE 80186 FETCH EO ONE OF THE STRING MOVE 
INSTRUCTIONS. SUCH AS MOVS. INS. ANO OUTS. BEFORE 
RELEASING THE BUS. IT Wll.L NOT PROPERl. Y BEGIN THE 
STRING MOVE INSTRUCTION AFTER REGAINING 

CONTROL OF THE BUS. 

The bug has only been·, observed with the string move instructions. 
The string move instruction does not need to be preceec:led by • 
repeat prefix in order to faU. Thit is. both single iteration 
and muHiple Iteration string instructions faii. 

The following conditions must occur for the string move 
instruction to fail: '. 

1. The string move instruction must not have begun execution at 
the time the bus is relinquished. H the string move 
instruction had begun execution. the instruction will properly 
resume after bus control is regained. 

2. The last bus operation .performed before the HOLO is 
acknowledged must have been either a memory or 1/0 read cycle. 
NOT a memory or I/O write OR an instruction fetch. Thus. the 
string move instruction must be located in ' the prefetch Queue 
at the time of the bus HOLO. because otherwise an instruction 
fetch would be required betore the instruction could begin 
execution. 

This problem is most likely to impact 80186 user5 who: 

1. Have no control over the code seQuences ececuted by the 
processor. i,e., those using a high·level language which 
generates the specific code sequence to be executed. '. 

2. Build user reprogrammable systems. for example personil, 
computers. Since these customers have little control over the 
piUg'S'''S thell UseiS nill eoeJltaallS aheillpt to iUiI. tltey 
cannot prevent execution of the specific sequence which will 
allow the problem to occur, 

PROBl.EM CHARACTERIZATION 

The string move instruction is performed by reading a value from a 
memory location (pointed to by the SI register) and writing the 
value to another memory location (pointed to by the 01 register) . 
After each iteration of the string move. both the SI and 01 
registers will be adjusted to point to the next element of the 
source or destination strings. respectively. SO the next iteration 
of the instruction moves the nexl sequential byte or word . 

• The 80186 error is characterized by the string move instruction 
executing all the reQuired reads. but nol properly executing the 
required writes: thus the destination string is not the same as the 
source string, If the instruction is not executed properly by the 
80186, the 01 register will not be adjusted after every iteration 
of the move. since the memory write has not been performed. Thus. 
the SI register (which points to the source string) will be 
properly adjusted but the 01 register (which pOints to the 
destination string) will not be properly adjusted by the number of 
bytes or words moved. 

For the OUTS instruction. the destination for the data is the port 
addressed by OX. This register is not incremented by the 
instruction. There is. therefore. no way to determine from the 
register contents whether the correct number of I/O writes have 

3 
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occurred. : 

POTENTIAL WO~KA~OUNDS: There are 5 possibilities 

1. 00 NOT USE THE HOLD INPUT OR INTEG~TEO OMA CONT~OLLE~ 

Since the problem will occur only upon returning from a 
bus HOLD, if a bus HOLD never occurs, the problem will not be 
observed. You can perform a pseudo·hold using external logic 
to prevent the processor's driving the bus. while forcing the 
processor to wait by manipulating its ready lines (of course 
this will not work with the integrated OMA unit). 

2. 00 NOT USE THE ST~ING MOVE INST~UCTIONS 

Since the bus HOLD problem only interferes with the resumption 
of tM string move instructions. if they are not used. the 
problem will not be observed. This may be difficult to do. 
however. since string move instructions are generated by some 
compilers, including the PLIM B6 compiler. 

3 . EXAMINE THE 01 ~eGISTE~ AFTER A STRING MOVE AND CHK IT 

Since the 01 register will not have been adjusted the proper 
amount if the string move instruction has not correctly 
resumed. its value can be compared with the proper value after 
instruction execution to insure the instruction has executed 
properly. This may alSo be difficult to do with code 
generated by compilers. In addition. this may nOlbe used to 
determine the correct execution of the OUTS instruction. since 
this instruction never manipulates the register ·. in tne first 
place. 

4. CQt..4PA~E THE DEST. ST~ING WITH. THE SOU~CE STRING 

Com!)aring the destination string with the source string-. is a 
sure way to insure that they are equivalent, and tnat the 
SUiug .. love iiGliUcli.UiI has executed piupe.li . 

5. AVOID INST~UCTION SEOUENCES ALLOWING P~OBLEM TO OCCUR 

The last bus cycle performed prior to the string instruction 
beginning execution MUST be a read cycle to prevent proper 
execution of the string instruction. If a write cycle is 
inserted immediately before the string in struction, or if an 
instruction fetch cycle is forced immediately before the 
instruction, it will execute properly. The example below 
shows how this may be done. Note that by jumping to the 
string move instruction. the Queue is flushed. forcing 
instruction !)refetch cycles between execution of the memory . 
read and the string move instruction. 

BAD SE~UENCE 

pop 
rep 

AX; 
movs; 

executes a memory read 
may fail if HOLD occurs 

GOOD SEOUENCE 

pop AX 
jmp A 

A: rep movs 

#6.IDIV P~OBLEM (problem in mask B·' and mask B·2) 

"IDIV" instructions give incorrect results under certain 
conditions as follows: If the divisor is a memory reference and 
the value in memory is a negative number (i.e. MSB .1). the result 
in AX (AL) is the 2 '5 complement of the expected result. 
Remainder (OX or AH) is correct. 

\ 
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Note: If the divisor is a register reference. there is no 
failure. 

EXAMPLE: MOV WORO PTR 55. OFFFEH 
MOV AX. 40H 
MOV OX. 0 
IOIV WORO PTR 55 

SOLUTION: 

A: In assembly language: 

MOV BX. 
IOIV BX 

WORO PTR 55 

;STORE 2 

;DOING 32 BIT 116 BIT 
;SIGN·EXTENO AX THRU 

;THROUGH OX 

i.e .• Move memory reference to a register and dthen use IOIV. 

B: In high level language: 

IF divisor < 0 
. THEN Result .. ·(Numerator 1 ( . Oivisor}) 
ELSE Result = Numerator IOivisor 

If 7. LOCK PREFIX TIMING (problem on mask B·' and mask B·2) 

The LOCK 1 signal does not remain active until the end of the last 
data C)'cle of a locked transfer. This may cause problems in 
some systems if. for example. the processor reQuests memory access 
from a dual ported RAM array. and is denied immediate access 
(because of a ORAM refresh cycle. for instance) .• When the 
processor finally is able to gain access to the RAM array, it· may 
have already dropped its LOCKI signal. thus allowing the ··dual 
port controller to give the other port access to the RAM array 
instead. 

SOLUTION: 

A cirCuit to hold LOCK 1 'active until a ROY has been received by 
the 80186 should be uSed. 

This circuit is shown in Fig. 15 of Application Note (AP,'S6). 
Order Number 2'0973·001 . 

• 8. TIMER CONTROLLER REGISTER Found Jan. 1984 

PROBLEM: 

When writing a value into one of the control registers associated with 
timer n. it is possible to overwrite a register value associated with timer 
n ... 1. For example. writing into 8 register of timer 0 may alter 8 

regISter of timer ,. Writing into any register of timer 2 does NOT 
affect a register of timer 0 or , . 

The problem can occur only when the following two conditions exist: 

1. The write instruction. i.e .. MOV or OUT. to a register of timer n 
is followed by either an instruction fetch or a OMA cycle. 

and .... 

2. The lower byte of the address for either the instruction fetch 
or the OMA cycle eQualS the offset of one of the registers in 
timer n .1. 

SOLUTIONS: 

5 



Anyone of the five solutions outlined below will prevent the problem 
from occurring in your system. 

1. Use only a single timer or use only timers 0 and 2. 

2. Disable the OMA (e.g. set the OHL T bit or clear the stop/start bit) 
when writing to timer registers and use LOCK PREFIX on the 
write instruction .to the timer register. 

3. Write into registers in • sequential order since writing to timer 
n does not aHect timer n·1 or other registers of timer n. For 
example. if your system is using all three timers. then write into 

the timer registers for 0, followed by the registers of timer 1. 
followed by the registers of timer 2. 

4. , Decode any write into any of the timer registers, and assert 
HOLD until the completion of the write. 

5. Tum off OMA during all writes to the timer registers and locate 
the code in XXXOX .... XXX3X .... XXX7X .... XXXFX addresses. 

80186 6UG :: 9 

PROBLEM: 

SO~UTION : 

186 STEPPING 

8-1 

B-2 

B-3 

C 

BHE/ DURING OMA 

When Read' to either OMA control register is followed 
by OMA byte transfer from an odd to even or an 
even to C>dd Address. BHE/ may not go active on the 
odd byte Read or Write. :. ,. 

Use a locked Read when reading the control registers. 

BUGS PRESENT 

1 through g 

" 2, 3, 4, 6, 7, 8, 9 
(String Mov fixed) 

1, 2, 3, 4, 7, 8, 9 
(IDIV fixed) 

none! 



NOTE. ON THE CS01S6·3 (S2·STEP) RELAXED SPEC 

The CS01SS·3 S MHZ a.vice has the following relaxed SPeCifications: 

VCC 5V tolerance 5% (not 10%) 

TEMP 0 DEG. C TO 50 DEG. C (net 70 DEG. C) 

.DC PARA. VCLI (clock input low voltage) MAX .0.3 (not 0.6) 

AC PARAMETERS: 

TCLB)( ".ili. 20 is (iiot 10ilS) 

TCLAV max. 59 ns (not 44ns) 

TCHCTV max. 73 ns (not 55ns) 

TCLHAV max. 67 ns (not SOns) 

. TAVAL 

TCHSV 

TCLSH 

TCVDEX 

TCLCSV 

TCHCSX 

min . TCLCH·4QNS (not TCLCH·25ns) 

max. 65 ns, (not 55ns) 
,. 

max. 65 ns (not 55nS) 

max. 70 ns DEN/ inactive delay. non· write eye. (new) 

min. 12 ns (not Ons) 

max. 47 ns (not 35ns) 

" , 
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Floppy disk subsystem 

Provides support of one or two floppy disk drives 

Controller implemented using integrated floppy disk 
controller and Pll 

Floppy drive support 

One or two half..,height , double sided, single/double density drives 

Controls Shugart SA455/465 compatible drives 

48 tpi drives (IBM PC compatible) and 96 tpi drives supported 

Nominal unformatted capacity: 320 KBytes (48 tpi) 

250 Kbit data transfer rate 

DMA using 80186 DMA channel 

IBM PC/ Industry standard sa- inch floppy diskette format 



Sys~em Interface: 

8272 

'---'- INT 

Control FOC 

-00· 07 
9229 

Data 
Data 

Sep. ,. , 

,;-: 

1 
To/From Floppy Drives 

InlrA"k' 

DRO 

-"!'C 

r--
ALS2 ~5 

8 nit'" em, ~ Xcer 
/ ... 

'---

Note: 80186 OMA channel does not provide for a terminal 

count output to signal the end of the last OMA cycle . To stop 
the FOC from requesting further OMA cycles . timer 1 in the 

80186 will be used to count OMA cycles and provide the 
terminal count pulse . Timer 1 must be initialized prior to 

starting the OMA or FOC . 



Floppy Diskette Summary 

48TPI 96TPI 

Diskette Size 5{inches 5{ inches 

Sides 2 2 

Tracks / Side 40 80 

Tracks / Diskette 80 160 

Sectors / Track 9 9 

Bytes lSector 512 512 

Bytes / Track 4608 4608 

Bytes/Side 184.32K 368.64K 

Bytes / Diskette 368.64K 737.28K 

Rotational Speed 300 RPM 300 RPM 

Transfer Rate 250K bits/sec · 250K bits/sec 

Recording Method MFM MFM 



Generalized FDC Command Sequence 

Specify Command 

Command 
FOC 

Note: No execution phase 
or result phase. 

I Sense Drive Status I 

Command 
FOC 

ReadFOC 
Results 

1 Return I. 

Note: No execution phase. 

Data Transfer 
Command 

Command 
FOC 

Note: FDC automatically 
enters execution phase 
upon completion of 
command phase. 



· . 

Generalized Floppy I/O Sequence 

For data transfer 
commands only . 

Motors require 500 mS 
to come up to speed. 

Issue the required 
command parameters. 

Upon receiving the last 
parameter the FOC will 
automatically start to 
execute the specified 
command. 

Upon recei ving the 
terminal count pulse 
from the OMA the FDC 
will automatically go 
into the result phase 
and issue an interrupt 
when the status is 
available . 

Initialize DMA Channel 
if required 

Initialize Motor controls 
if required 

Command 
FOC 

ReadFOC 
Results 

I Return I 



5t Floppy Diskette Format . 

Physical 
Index 

Yl'---__ .(IJ--I __ ----JI 
~---- Repeat for each Sector -----... ~I 

~--ID Field --~"~I"'''.~- Data Field --~ ... ~ 

I Gap 4A I Sync I AM I Gap 11 Sync I AM 110 I eRe I Gap 21 Sync I AM I Data I eRe I Gap 31 Gap 48 I 

1 
Preamble 
80 bytes4E 

Sync 
12 bytes 00 

Index Address Mark 
3 bytes C2 & 1 byte FC 

Gap 1 - SO bytes 4E 

Sync 
12 bytes 00 

Index Address Mark 
3 bytes A 1 & 1 byte FE 

10 Field __ ---I 
4 Bytes 

Cylinderl Side I Sector I Sector 
Num I Num I Num I Size 

1 
Postamble *2 

Gap3-*1 

Data & Data AM 
CRC 2.Bytes 

'--___ Data 512 Bytes 

Data Address Mark 
'---- 3 bytes A 1 & 1 byte FB 

1..-___ Sync 

12 bytes 00 

"--__ Gap 2 - 22 bytes 4E 

ID Field CRC 
'---- 2 ByteS 

48 TPI = 00 - 39 
96 TPI = 00 - 79 ( for 512 byte sectors) 

* 1 suggested gap size = 54 bytes 
*2 suggested gap size = 452 bytes 

00 = Side 0 
01 = Side 1 
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RS-232C Subsystem 

Provides support of two RS-232C Channels 

Baud Rates up to 9600 Baud in asynchronous or synchronous modes 

Byte Synchronous protocols - IBM Bisync 

Bit Synchronous protocols - SOLC / HOLC 

Parity and CRe generation and checking 

Controller generated Interrupt Vectors 

1 Port configured as a OCE port 

1 Port configured as a OTE port 

2 byte buffer in controller 



Channel A 

ChannelB 

System Interface: 

(,A~() '~ ,. 

GJ 

8254 

ClkOut 

8274 Q 
INTA ' 

INT 

IPI ' 

A 

B 

00· 0 7 

Gl 

1. When an inte rnal interrupt condition occurs (and if i t is accepted). 
8274 will cause an interrupt request to the Master Interrupt 
Cont roller 8259 . 

2 . Upon receiving the interrupt request from 8274 . and if It meets 
the conditions at that time . 8259 will generate an interrupt to 
the 80186 uP. 

3. The uP will respond with two contiguous Interrupt ack cycles 
when it can service the interrupt. 

~ 

~ 

~ 

DTE to DCE Connection for External Loopback: 

OTE end DeE end 

CD GNP CD 

CD T¥D ); CD 

CD < RI O G:> 

CD BIS ); CD 

~ DSB CD 

CD GNQ G:) 

CD ( Qcn CD 

<ID TIC G]) 

<ill ( RIC GD 

<ID CIS ~ CID 

lntrAck' 

8259 
[ZJ 

80186 Gl INTA ' 
IN INTO INTOA 

IR3 
AO.00·15 

r:A~().' 

~ 
-

ALS2 5 

8 Data BusA Xcer ~ / 

"-

4 . Then . upon receiving the fi rst INTA pulse. the 8259 will generate 
the Cascade signals . CASO·2. which is then decoded. 

5 . If the CASO·2 are decoded for 8274 . the 8274 will then deliver 
the interrupt vector on the Oata·Bus·A during the second 
lNTA cycle. 

If internal clock is used . 
loopback w/i a single RS232C channel can be 
performed by connect i ng : 

TxD to RxD (2 to 3) 
RTS to CTS ( 4 to 5 ) 
DTR to DSR (20 to 6 ) 



Daisy 
RS232C 
DTE 
Port 

8274 

Ch A 

1xD 

RxD 

RTS' 

CTS ' 

DCD 

OTR ' 

TxC ' 

AxC' 

"'-' 

.. ~] 
v : .... 

--. 
>v 

.. ~] 
....,:-..... 

~ .... ] 
.~~ 

"V 

Clock 
Mpx 

- - -
.... I 

I 

TxO ' <I> 
B15t;r CD 
RT~ <::D 
CIS m 
tlCtl CD 
OTR -G:> 

J 0<. TxClk fr loI.Oi.Lm .. p.,j;C ..... ~ __ ,G) 

~.] v::. .... B2I:CI~ f[ .... O.:.r.m ..... D .. C ... F __ (:D 

Intprn,,1 r:11"l~k (R? 54 Timer 01 

From Control Reg @BOH. bitSl 
(L = ext clk, H = Int clk) 

~(~ __ ~O~S~R~' ________________________________________ -n "1r---~D~S~B~----------~ 
0::... '-SI.../ 

To In::Jul Port @ BOH. b i l 10 

Lactive =------------o:::::-J BI <ill 

~-~WA~~~U---------~EJoLS,i4CL---~UU----.. ( Bjog!odjratpr' . r ClrR! 

To Input PorI @ BOH, bil 9 (by dOing a IN AOH I 
L active 

_ ... C ... b ... a ... s ... s"'iS ...... O ... cg ... I.I.I! D.I.Id ...... _CD 

TxO 

RxO "-j T"O' CD t------o:.::: ... t------..... --..... ----
Daisy RTS ' 

RS232C 8274 CTS ' ~···lt-----------------...IB ... Tws"---------CD ()': ..... 
DCE Ch B oco ~~ OCD CD 
Port 

OTR' 

TxC ' 
(8254 Timer 1) 

RxC' 

~<~----~D~I~B-· --------------------------------------_n'.']t---~D~T~B ____________ ~ ;;;;;: 0.-..... ~ 
To Input PorI @ 80H, bil 8 

L aclive 

Features: 

Two independent full duplex channels 

Asynchronous. Byte Synchronous. & Bit SynChronous Operations 

Asyn t ransmission baud rate : up to 9600 Baud 

Synch t ransmission rate: up to 9600 Baud 

Interrupt driven operation . vector mode 

Internal Interrupt Priority: RxA . RxB. TxA . 1xB. ExTA. ExTB 

or RxA . TxA.RxB . TxB . ExTA.ExTB 

_ ... L~O~9wi~~G ... rQ~!~!n.l.ld ...... ___ (J[) 

_ ... C .... b .... a ... s ... s .... i 5 ...... 0 ... r O ... I .... ' n"'d ...... __ CD 



8254 : 

( 8 bits wide) 

Timer 

i ;me 'G : RS232C OTE bauc rate 

T ime r1: RS232C OCE baud rate 

Tlmer2: Keyboard/Mouse baud rate 

sq wave 

Saud Rate Time Const 0< 

9600 26 

7200 35 

4800 52 

3600 69 

2400 104 

2000 125 

1800 139 

1200 208 

600 417 

300 833 

150 1667 

134.5 1859 

110 2272 

75 3333 

50 5000 

Time Constant 
4 ¥ 1Q 6 

( clock in = 4 .0 MHz) 

(cloc k in = 4 .0 MHz) 

(clock in = 4.0 MHz) 

8274 

Error 

0 .16 Ok 

0.79 0,0 

0.16 % 

0 .64 ok 

0.16 0"-

0 0,0 

0 .08 % 

0 .16 0", 

0 .080,0 

0.04 % 

0 .02 % 

0.01 0", 

0.03 0,b 

0.01 0.-0 

0 ~~ 

(baud rate) (16) 

· 0 Error ~ 4¥106 

Asynchronous Timer Parameters 

-,J x 1000,0 
• (16) 



~ypical Connections: 
r-----, 

Term inal or 
Printer 1-----------1 Computer 

Interface Signals: 

Conn"ctor Signal Ham" 2 Pin Nn 1 

1 GNO Chassis Ground 

2 TxO Transmitted Data 

3 RxO Received D"ta 

4 RTS Request To Se"d 

5 CTS Clear To Send 

6 DSR Data Set Ready 

7 SG Signal Ground 

8 DCD Data Carrier Detect 

15 TxC Transmitter Clock 

17 RxC Receiver Clock 

20 DTR Data Terminal Ready 

22 RI Ring Indicator 

Note: 

1. RS232C interface uses a 25-pin DB type connector. 
Typically . DTE uses a MALE connector, 

DCE uses a FEMALE connector. 

2. RS232Csignainamesarew/rto DTE. 

3. Signal voltages on the interface lines are 
nominally.12v&-12v . 

• For Data signals , active =) '12v 
inactive =) + 12v 

= mark . 
= space. 

• For Control Signals. active:) + 12v ON'. 
inactive: > -12v = OFF 

4 . Some mlgers use pin 9 for + 12v. 
pin 12 for - 12v. 

5. If a DTE were to be connected to another DTE 
(or a DCE to another DCE) , the following pai r6 
would have to be flipped: 

(2.3) 
(4 . 5) 
(6 . 20) 

Computer, 
Modem Terminal . 

Printer Inf"!J:J 
I nrJ: I 

Direction of Flow Signal Type Active L"vel 3 

OTE 

OTE 

OTE 

OTE 

OTE 

OTE 

OTE 

DTE 

DTE 

OTE 

OTE 

OTE 

-- OCE 

~ OCE Data ·12 V 

~ DCE Data . 12 V 

~ DCE Control. + 12 V 

~ DCE Control + 12 V 

~ OCE Control + 12 V 

-- DCE 

~ DCE Control + 12 V 

~ DCE Timing 

~ DCE Timing 

~ DCE Control + 12 V 

~ DCE Control + 12 V 

6 . In asynch mode, loop back w Ii a single RS232C channel can be 
done by connecting 

2 to 3 
4 to 5 to 8 (and to 22 if implemented) 
20to 6 

In normal use, OTE brings up OTR, and 
DCE brings up DSR when they are powered on . 

In asynch, lull duples envi ronment. DTE then brings up 
RTS and awaits CTS from the DCE. (If the DCE is a 
modem, CTS is brought up along with DCD. once the 
incoming carrier has been detected) . 

At this point. the DTE may transmit data to DCE over line 2. 
and the OCE may transmit data to DTE over line 3 . 

In half-duplex system, RTS and CTS are used to determine 
which di rection the data will be going over the wire . 
eg o the phone line . 



· , .. 

Start Bit Parity Stop 

1 Bitl BfS) 

----~I ~I -----D-AT-A------~I~~I~ DATA 
Asynchronous Mode 

I Sync I Sync I Data I Data : :: Data 
1..-____ --1.. __ ..1.-_---1 __ -:.. •. , •. ' I Data I CRC' I CRC2 I 

Bisync 

~I S-y-n-c-rI-D-at-a~I-D-at-a~~';:~' -Da-t-a~I-D-at-a~I-C-R-C-,~I-c-R-C-2~1 
~--~---~--~~, :~/--.,--~,--~-~ 

Monosync 

I Flag I Add ress I Information ; ~ I CRC' I CRC2 I Flag 
~ ~~_--L.. __ ~ __ '--~~ 

SDLC/HDLC/X.25 
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I 

l>«to..oo - .15 

. I 
& =/o~ w~t ..... t--~sfAu. I m ~t 

I 
SMHC(k. 

:r/ D '1-1'1 !' 
>C> W.,.' 

7/DR,j'1 R.d,' 
;>(> 

I 
JW 

ltttv 

> ~et, 

I 

. . R.d.' 

S]'Jli 
lIml-r' 

&wM~ 
Jl Ct.I<DVT 

elKIN 
·:,RJ' r« . '.Wf'L Wi' 

tit 

S2S I't 
LJ ft-RT 

IXC' 

RtC' 

. -r;u., 
Rx Uj 

R.I.' 
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~ M 
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Daisy 

s/a/mem iop/ 
rde 

not 
used 

165·pin 

opt 

96,pln 

165·pin 

not 
used 

165· pin 

opt 

96·pin 

165·pin 

Note: connector for FDD and ROD are TBD 

Note: If MEB is only 10.9" x 10" then one extra 
option slot is available to Daybreak 

XEROX Project Daisy/Daybreak 
EDC Dove Slots Usage 

pee 

96·pin 

opt 

96·pin 

File 

BP02.sil 

meb 

1 65·pin : 

not 
use<i 

96'pin 

Daybreak 

dcm 

165·pin 

Designer 

mpb 

165·pln 

not 
used 

96 ·pin 

Rev 

ATsang/U N9uyen B 

iop/ 
rde 

165·pin 

96·pin 

Date 

OS/23/84 

pee 

96·pin 

opt 

96·pin 

Page 
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