














































































































































Section 4 FE3010B AT Peripheral Control Logic 

Interrupt Controller Address Function ReadlWrite 
1 020 ICWI Write .. 

. _ .... _._ .. ___ .. _ . .! .. :. .. _. _____ . ___ .. __ . __ ._ .. 9.7..!_ .. __ .... __ �.�_�.�!�~�~� .. _._ ... ___ ._ .. ___ .. �_�.�w�.�t�i�.�~� .... _______ .... _ .. _ .. _._. 
1 021 ICW3 Write .. 

�·�:�~�:�:�:�:�=�:�=�=�:�~�:�~�:�:�I�:�:�:�:�.�·�~�=�=�=�~�=�:�:�:�~�:�:�~�·�=�.�=�.�=�.�~�~�~�:�~�I�=�-�=�~�=�:�-�·�i�9�Y�.�f�.�~�:�:�:�:�.�=�_�-�=�:�.�:�~�-�·�-�-�w�.�!�i�Y�.�?�=�:�~�:�:�:�=�=�~�.�.�;�~�:�=�-�_�:� 
......... _._ .. �_�~� ... _! ........... __ .. _ ...... ___ ... _ ... __ .. �_�.�_�Q�~�!�.� ... _ ... _ .... __ �~�!�.�.�_�.� ________ �w�.�~�~�_� ..... __ ._._.:... .. _ .. __ . __ 
....... __ ... __ .... .1 ........ __ .... _. __ .. _ .. __ .. _._ .. __ �.�~�Q� ... ___ . __ �.�Q�Q�.�W�~�.�_�.� ____ . ____ . __ �w�.�t�i�.�~�_� ........ __ .... __ ._ .. __ 
........ _ .... _._ .... _.1 ... _ .. _ .. _--_ .... _ ....... _ .. �_�.�_�-�.�_�~�g� ......... _. ___ �.�~�?�.� .... __ ..... ___ �.�_�.�_�.�~�~�~� ... ___ ... __ ...... _ .. _ .. _._ . 
... _. __ .. _. __ ...... ! ......... __ ...... _ .. _ .. _. _____ .Qf.9 ____ �-�-�~� .......... -.----... �-�-�~�~�~� ...... - .. ---.--.......... --. 
_ ... _._._ .. __ .... _! ........ ___ .. _. ___ ._ .. ___ �.�~�Q� ... _ .. ___ ...l§.g ........ ___ . ____ . ___ �.�g�.�~�_�~�.�_� .. _._ ... _____ ..... _. 

1 021 Mask Read 
1 020,021 Interrupt Level Read 
2 OAO ICWl Write 
2 OAI ICW2 Write 
2 OAI ICW3 Write 
2 OAI ICW4 Write 
2 OAI OCWl Write 
2 OAO OCW2 Write 

...... _ ... __ ........... �~�.�_�.� __ ... __ ..... _._._ .... __ Q:1Q ... __ ..... �_�~�?� ... __ ... _ .... _ ..... _. ____ �.�~�~�~� ...... _ ... _._._. __ .... _ ........ __ 
..... __ . ___ ... _.1_ ...... __ ._ ....... _. ___ .... ....9.b.-.Q._ .. __ �~� .................. __ ...... _ ... _. ___ �~�~�~� ............. ____ ... _ ......... _ .. __ 
.... _ ......... _ .. _ ..... �~� .......... ___ ........ _. __ .. _._ .. _ ..... �_�Q�~�.�.�Q�_� ... ___ ._._J.§B:_ ............... _ .. __ ..... __ ._ ... �g�.�~�!�!� ..................... _ ............... __ _ 
...... _ .. ___ ._.f.: .... _ .. __ . ____ . __ ._ .. _._ .. �Q�~�.�!�.�_�.� __ .. �_�.�_�~� .......... __ . __ ._._ ... __ . __ �~�~�~� ............ ___ ................... _._. 

2 OAO, OAI Interrupt Level Read 

'. 
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:' FE3010B AT Peripheral Control Logic Section 4 

4.4 FE3010B 8254 TIMER 

The FE3010B contains a 8254 equivalent timer that contains three independent counters. All 
the timers run off a 1.19 Mhz c1ock. The GATEO and GATE1 signals are tied high. TheGATE2 sig­
nal is tied to Register 61, bit O. The counters decrement when counting. The largest possible count . 
isO. 

Timer Cbannel 

o 
1 
2 

Jls.e 
Time of Day (Interrupt) 

Refresh Request 

Speaker 

Each counter may be programmed for different counting modes and the count may be read 
back. To initilize a counter the Control Word must be written followed by one or two bytes of 
count if needed. Each counter may be programmed to count in BCD or binary. 

I1QAgdr~~:z Use R~i!,dIWrit~ 

040 Timer 0 Count/Status Read/Write 
041 Timer 1 Count/Status Read/Write 
042 Timer 2 Count/Status Read/Write 

043 Control Word Write 

CONTROL WORD (format I) 
o BCD . .................................................................................................................................................................................................................................... 

......... J::~ .................... M.gg~.?: ............................ \ ........... QQ9 .. M~.Q .......................................................................................................... . 
001 Mode 1 
X10Mode2 ................................................................................................................................................................................................................................ 

........... : ................................................................................. ?fJ,! .. M.9.9.~.~ ......................................................................................................... . 
_____ ~ _______ !OOMode4 .------------------~i 

t_······_· ...... ·_· .. ~_· .. ;.~_· ...... _·~· .. ·_~· .... _ ...... ·_· ...... _ ...... ·_.f._~_ .... ~_.~._gp_ ..... ~_ ....... _ ....... _ ....... _ ....... _ ....... _ ....... _· ...... _ ...... ·_· ...... ·_· ...... ..::.~;;.,~:::..;{;;.:;trw:;;:;~1,...;··~:.:.;{;..;;t:::::, .... ·~,;::;·~~~~~~ ............................. ~ .......... ; ........ ~ ........................................................................................... . 
t::=:.-~;:::=::::=:~~:~::::::=:::.-=.=--==::!l~!~:_~_·:-.;_·~ .. _:~i!iiimi!!.~Y.iii.::::::::::::.:.::.::.=:::.::::::::: 

01 Counter 1 
..................................................................................................................................................... ao ......................................................................... . 

10 Counter 2 ' . .... CONrnOL·WORD .. (i~~;t·2)· ....................................................................................................................................................... . 
o 0 ................................................................................................................................................................................................................................ 
1 Select Counter 0 ................................................................................................................................................................................................................................. 

......... ~ ........................ ~.~,.~~.G9.~~r..l ........................................................................................................................................................ . 
3 Select Counter 2 ................................................................................................................................................................................................................................ 
4 -Latch Status ................................................................................................................................................................................................................................. 

......... ~ ......................... ~.~~~ .. GQ~t .............................................................................................................................................................. . 
6-7 1 
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4.4.1 Set-Up 
Each counter may be set in one of 5 modes by writing a command word (format 1). The com­

mand word must specify the counter and the number of count bytes to be written. A new count 
may be written at any time. 

1. Mode 0 Interrupt on Terminal Count 
The counter starts when the count is loaded. When count = 0 the counter. will continue count­

ing from FFFF in binary mode or 9999 in BCD mode. GATE = 1 enables counting. GATE = 0 dis­
ables counting. 

OUT will go low when the counter starts. It will go high when the count = 0, and stay high 
until a new count or mode is written. 

If a new count is written while the counter is counting, it will be loaded on the next clock 
pulse. 

2. Mode 1 Hardware Retriggerable One Shot 
The counter starts when GATE goes from low to high. When count = 0 the counter will con­

tinue counting from FFFF in binary mode or 9999 in BCD mode. 
Any time GATE goes from low to high the counter will be reloaded with the original count 

and the counter started. 
OUT will go low when GATE goes from low to high. It will go high when count = O. 

If a new count is written while the counter is counting, it will be loaded the next time GATE goes 
from low to high. 

3. Mode 2 Rate Generator 
The counter starts when the count is loaded. When count = 0 the counter is reloaded and the 

counter started again. GATE = 1 enables counting. GATE = 0 disabies counting. If GATE goes 
from low to high the counter is reloaded. 

OUT will initially be high. When count = 1 OUT will go low' for one clock. 
If a new count is written while the counter is counting, it will be loaded the next time count = 

o or when GATE goes from low to high. 
4. Mode 3 Square Wave Generator 
The counter starts when the count is loaded. When count = 0 the counter is reloaded and the 

counter started again. GATE = 1 enables counting. GATE = 0 disables counting. If GATE goes 
from low to high the counter is reloaded. 

When the counter starts our will be high. When the count is half done, OUT will go low. If 
GATE goes low then our will go high. 

If a new count is written while the counter is counting, it will be loaded the next time count = 
o or when GATE goes from low to high. 

5. Mode 4 Software Triggered Strobe 
The counter starts when the count is loaded. When count = 0 the counter will continue count­

ing from FFFF in binary mode or 9999 in BCD mode. GATE = 1 enables counting. GATE = 0 dis­
ables counting. OUT will initially be high. When count = 0 our will go low for one clock. 

If a new count is written while the counter is counting, it will be loaded on the next clock 
pulse. 

6. Mode S Hardware Triggered Strobe 
The counter starts when the count is loaded. When count = 0 the counter will continue count­

ing from FFFF in binary mode or 9999 in BCD mode. GATE = 1 enables counting. GATE = 0 dis­
ables counting. If GATE goes from low to high the counter is reloaded. our will be high when 
the counter starts. When count = 0, our will go low for one clock. If a new count is written while 
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the counter is counting, it will be loaded the next time count = 0 or when GATE goes from low to 
high. 

. 4.4.2 Reading the Counter 
There are three ways of reading the counters. 
1. The count is read directly. nus mode can cause false readings due to fact that the counter 

may be changing while it is read. 
2. The count may be read via a Counter Latch Command. (See COMMAND WORD format 

1). nus command latches the count so it may be read without changing. 
3. The count may be read via a Read Back Command. (See COMMAND WORD format 2). 

This command is the equivalent of multiple Counter Latch Commands • 

. 4.4.3 Reading Status 
The status of a counter may be read by issuing a Read Back Command with data bit 4 = O. 

(See COMMAND WORD format 2). Bits 0-5 are the same as the command word for the counter. 
Bit 6 tells if the last count that was written has been loaded into the counter. Bit 7 is the reflects 
thestate·of the OUT pin. .. 

I S~tus Word BCD I 
........ J.:.? ....................................... M~!'? ........................................................................................................................................................................ 1 
r····t····~-·--·~7~:t·Wri~~·······-············:······· ......... ----....-...... -.... --.-= .. 
4.4.4 Switching Data. 

In the FE3010B implementatioIl: of.the timer, if th~ timer clock is significantly slower than the 
CPU execution, there is a slight chance that switching data can get latched on a counter latch com­
mand. For an AT system with a 1.19Mhz timer clock and 16Mhz or slower bus speed, there is no 
chance of latching invalid data. 

4.4.5 Page 
The page register is an 8-bit by 16-byte dual-ported RAM. It is used to generate address bits 

16 to 23 for 8-bit DMA transfers and address bits 17 to 23 for 16-bit DMA transfers, and refresh 
cycles. One port ofthe RAM is a read only port for DMA or refresh cycles, and the other is a 
read/write port for the 80286 CPU. 

4.4.6 Refresh Address 
This block contains a 9-bit counter that is used for the address during a refresh. 
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4.5 FE3010B Decode 

Address Decodes Hex 
_9 8 7 6 5, 4 3 2 1 0 . 

......... 9. .. 9. ... Q ... Q .. Q .. ~ ... ~ ... ?f .. ~.~ .............................. g.¥.A.~g~~.~.~~.H~~ .. 9::~1. ................ QQ9.:Q!¥.. ....................................... . 
......... 9 ... Q .. Q .. 9..J ... ?f ... ~ .. ~.~.~ ............................... ~.~~tGQ!!!:!QM~~.~~~ .................. ~.Q:9~F. ....................................... . 

000 lOX X XXX 'inner 040-0SF 

......... 9. .. .Q .. .9 .. } .... ~ ... Q .... ~ .. ~.~ .. ~ ................................. ~9.~.~~9.>. ................................................... 9§Q:9.§¥..(~~>. ............................ . 
........ .9. .. Q .. Q.).) .. J ... ~ ... ?f .. ?f .. L ............................. R~.I~.~.~J~~.~TI;.9.~J. ............. Q7.Q:9F.{QQQL ......................... . 

o 0 1 0 0 :x X X X2C Page Register 080-09F . 

......... .Q .. .Q.} .. .Q ... ~ ... ~ ... ?f ... ?f .. ?f .. ~ ............................... ~~~~.~.~g~~.~.~~ .. ~.~~~ ..................... .9A9.~.Q~¥.. ..................................... . 
o 0 1 lOX X X X X DMA Controller 2 (Ch 4-7) OCO-ODF 

4.5.1 Page Register Decodes 

Address Decode 
0087 DMA Channel 0 

......... Q9.?~ ............................................................................................ p.~ .. G!?:~~! . .! ............................................................................. . 
.......... QQ~J ............................................................................................ P..MA.~.h~.~t~ .............................................................................. . 

:. __ 00;;,..;;;..;;.;.82 DMA Channe13 

......... Q9.?~ ........................................................................................... p.~.9.~~.!.? ............................................................................. . 
0089 DMA Channe16 .. ....................................................... ··········· .. ········ .. ·· .. ······· .. ···r .. · .. ····· .. ·· .. · .. ···· .......................................................................................................... . 
008A DMA Channel 7 

.~"........ ............ -...,..y. 

008F Refresh 

Note: Page register data appe~ on address bits A23-A16 dl¢ng refresh and 8 bit DMA 
cycles. For 16 bit DMA cycles (chanriels 5- 7), the LSB of the page register does not appear, in­
stead the 16 bit DMA address is shifted up one bit and AO is floated in the FE3010B to be driven 
byexterna11ogic. 

i 
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4.5.2 PIO 
'This block contains the control port to control the speaker and timer channel. It also contains 

. circuitry to detect if refresh is running. 'This condition may be read back as bit 4. Bits 2 and 3 are 

. read/write, but they do not perform any function. They are used for software compatibility with 
the IBM PC AT. 

Port B (PIO) is an eight bit control and status register on the AT. Bits 0 through 5 are defined 
; in the FE3010B, while bits 6 and 7 are generated in the FE3030. During a read of Port B (address 

0061), the FE3010B drives data bits 0-5 and tri-states bits 6 and 7. The FE3030, if used, will drive 
bits 6 and 7 indicating the parity error and channel check status. Bits 0 through 5 are described 
below. 

Bit Function 

......... ? ........................ 9.Y..TI.f!Q~.~~t£~.~,.,~ . .c~.g~y1 ........................................................................................................ . 

. __ iy~~_JEgg!~ .. .9!lE.ch re~h {read only}: ...... _____________ . 

.......... ? ........................ E.~.~~J.~.p.~.~.~~~~.(~~.~.y.~ .. !Q~) ........................................................................................................................ . 
......... ?: ........................ g~~p.~~.~~~~tf.h~!t£.(~~gy.~).Q~>.. .................................................................................................................. . 

1 Enable ~er {~tive his]}.l __ A"oY ____ • 

o Gate for timer channel 2 

Bits 3 and 2 perfonn no function on the FE3010B, they are duplicated here to provide the read/write 
capability, but the actual enable functions are perfonned in the FE3030. 

4.6 Absolute Maximum Rat41gs .. 

......... :r..t!..:::.±~~ .. :.G ............................................................................................................................................................................................... . 
Power supply yoltage, 

......... yp.p..@.y~.~::Q ........................................................................ ~:Q.Y.~.l:.Q.Y ................................................................................... . 
Power dissipation, . , 

......... ?RMAX.@Yp.P.:::?:.~.~ ................................................... ?:~w. ................................................................................................ . 
'. Current, IDP_@.VDD=5.25V 38~ _ 

.......... ~p.~~.~.'?~.~g;~.~~ ................................................................... g:.g.y..~ .. y.pp.g.~?y ........................................................................... . 
........ .9.~.W.~~.~.Q~~g~,y9. .............................................................. Q:Qy..~Q.yp.p..Q:~.Y .................... ; ..................................................... . 
.......... ~~.~g.~JE~~~~~I.TQIT ........................................ Q.:.~.~ .. 7.Q: .. G ...................................................................................... . 

Storage temperature. TSTG -40' C to 125' C 

* Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause pennanent 
damage. The device is not meant to be operated under conditions outside the limits described in the opera­
tional sections of this specification. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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· 4.7 Capacitance 

.......... ITA:::±~~.~ .. G., . .YP.P..= . .QY2 .................................................................................................................................................................. . 
Parameter Symbol Max Limits Test Condition 

......... ~~p.~~ .. ~p.~~.~~ .. : ...... 9 .................................................... ~.9 .. p.? .......................................... JC?:.~~.~~~~ ........ .. 
........................................................................................................................................................................ p.~.~~~ .. ~ . .Q.y ........... : .... . 

. JjOcapacitan~ .. 90 lSpF .. 

4.8 DC Characteristics 

TA = O'C to 70'C, VDD = 5V +/-5% . 
[ALE, DMACLK, DMARDY, DRQO, DRQ1, DRQ2, DRQ3, DRQ5, DRQ6, DRQ7, HLDA, 

IRQ3, IRQ4, IRQ5, IRQ6, IRQ7, IRQ9, IRQIO, IRQ11, IRQ12, IRQ14, IRQ15, KBINT, NCLEAR, 
· N1NT A, NIRQ13, NMASTER, NRFSH, TLCK, NIRQ8) 

Parameter Symbol Min Max Unit Test Condition 
Input low 

......... ygJ.~g~ ............ y!1 .............................. y;?~ ............................. Q:~ ................................ y .................................. yP.l?::: .. ~y.:!"l.:.:?.%.. 
Input high 

......... ~g~.~g~ ............ ym .............................. f. .. .Q ............................... yl?l? ............................ y .................................. yl?l?::: .. ~.±t.:~:?.%.. 
Input low 
current IlL -10.0 -300.0 uA VIN= O.OV r .... :··~::~~gh ... ····~=··: .... · .. · .... · ....... ·· .. · .. · .... ·· .. · ...... ···· .. ·.: ..... : ...... :~.:~ ............................. = ............................... ~=.:.~:~ ............. ] 

. [A(O), A(1), A(2), A(3), A(4), A(5), A(6), A(7), A(8), A(9), DATA(O), DATA(1), DATA(2), 
DATA(3), DA TA(4), DATA(5), DATA(6), DATA(7), NIOR, NIOW) 

Parameter S bol Min Max Unit Test Condition 
Input low 

.......... ~9.!~g.~ ............ y}b .............................. y~~ ............................ .Q:.~ ............................... y .................................. yP.P. .. =.?Y.:t/~ .. ?.r.~. 
Input high 

.......... ~9.!~g.€? ............ ylli ............................. ?::Q ............................... VP.P. ............................ y .................................. yP.P. .. =.?Y.±/~ .. ?.%. 
Input low 

......... .<?~~?~ ............. ~g,. ...................................................................... :}.9.:9 ........................... ~ ............................... ym..:::.Q:Q"Y.. ............ . 
Input high 
current 1m 10.0 uA VIN = VDD 

l-·~'·.wow" . .w."".w .. '~'w'.--~ ,-~- __ ,,~_,, _____ ~·. __ .w _______ •• 

1-i;;;~L--------------_J>.-:1-.'.------::L---_v--Igk=.-4.QIEA--~-.w .. 1 

......... yg~.~g~ ............ y9.!:t ........................... f.:.4 ..................................................................... y ................................. J9.H.:::.~.:~.A. ........ . 
Output 
current IOZ -10.0 10.00 uA OV <VOUT<VD 
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· FE3010B AT Peripheral Control Logic Section 4 

[AEN, DACKD, DACKI, DACI<2, HRQ INTR, NDACKEN, NRTCCS, OUTI, SPKR, SYSALE] 

Parameter S}'!I1_bol Min Max Unit Test Condition 
Output low 

......... yg.~~g~ ........... y9.~ ................................................................. Q:~ ................................ y. ................................ }9.~.=.~.:9 .. ~A ........ . 
Output high . 
voltage VOH 2.4 V IOH = -2.0 rnA 

[A(1D), A(1n, A(12), A(13), A(14), A(15), A(16), A(I7), A(18), A(19), A(20), A(21), A(22), A(23), 
NMEMR,NMEMW] 

Parameter Symbol Min Max Unit Test Condition 
Output low 

......... yg~~g~ ........... y9.~ ............................................ : .................... Q:~ ............................... Y .................................. !Q~.=.~.:Q .. ~A ........ .. 
Output high 

......... Y.2J.~.g~ ............ y9.tl ............................ ~.:~ ..................................................................... y ................................. ~9.tt= .. ~:Q.~t.\ ...... .. 
Output 
current IOZ -10.0 10.00 uA OV<Vour<VDD 

'. 
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4.9 AC Characteristics 

TA= O'C to +70'C, VDD = +5V =/-5% load capacitance =85 pF, operating at 8 MHz. 

Svmbol Parameter Min Max Unit 

_~!! D~9.Mg~,~!y'P',~~J91?}~:!A£~~.Ng.~,.,, __ v 3 -7 ns 

.......... ~ ....................... ~Q.~.~.~~ .. ~~.~.9.~~.~Y.}'!9.~p~g.~.~.~~~s..~g~ ....... ).g .............. ~~ .............. ~~ ............................ . 
13 DMACLK high setup time delay from 

_,_~ __ .;::;HL.~J2A!i..~!I.}.g.,~g~" .. _"~,_ .• "'_." .. w __ ,, ____ ,.~,, -2 4 I!~_~w~~ __ . 
......... ~~ ....................... ~~.~.~~.y~Ng.~ .. ~~y..r!9.~p~~~.f.~.~s..~g!? ...... )~ ............. 22 .............. ~~ ... _ ....................... . 
.......... p. ....................... ~N .. tP..~.~Y.~}9.~.Q~.~y..g.<?~.P.MA.Gb~.~~~~&.~~ ..... .J.? ............ ..71 .............. ~ ............................ . 

t6 SYSALE active high delay from 

..................................... P..MAGJ..:..~ .. ~.~.g .. ~.8~ ..................................................................... )g .............. ?1 .............. ~~ ............................ . 
t7 SYSALE inactive low delay from 

..................................... p..~GJ..:..~.~.~.g .. ~g~ ..................................................................... ).~ .............. ~~ .............. ~~ ............................ . 
18 NIOR and NMEMR active low delay 

..................................... ~~.PMAg.~~.~~g.~g.I? ........................................................... ~.~ .............. ®. .............. ~~ ............................ . 
t9 NIOW and NMEMW active low delay 

..................................... f!9.~.p.~~~.~!?g.~g.l? .......................................................... }.~ .............. ®. .............. ~~ ............................ . 
t10 NIOR and NMEMR inactive high delay 

l·w'w~'~v~ .. m __ v_w.g2.mJ?}:1b.,g..,K .. ~.;,~g .. ~gl?."w .. " .. 'v." .. ''''.,.,.'''._''''.,_, ... _'''' __ U __ .,,?~,_, .. _._ . .E§..~_, .. .wN .•. ,·,, ___ w.· 

t11 NIOW and NMEMW inactive high delay 

,.w __ • ____ tt<:!P.P.~£~.K .. ~!E.g"~g.~ ..• ,,._,_~, .. ,,_,_ ....... ,_,"w.w. U,",_~~,,_,,-A~_Y'_N: __ I t12 1'.T))ACKEN active low delay from 

.................................... p.MA..G.~~.f~.Up.g.~g!? ................................................................... J~ ............. §.~ .............. ~.~ ............................ . I t13 NDACKEN inactive high delay from 

.................................... PMA~~~J@.~g.~g~ ................................................................... JQ ............. 12 .............. ~~ ............................ . 
t14 TC active high delay from DMACLK 

................................... .f~&.~.~gC? ........................................................................................... JJ ............. :?~ .............. !?-.~ ............................. . 
t15 TC inactive low delay from DMACLK 

................................... .t.~g.~g~ ........................................................................................... J~ .............. 2~ .............. !?-.~ ............................ . 
t16 DMARDY high setup time delay 

l:ii1.::~£.~~~~~~~~~;!\iB'~i~iii:::}.~:J(::~::: 
.,,_ . .J18 ___ @.Q~,y?1.L~ ... q~!,~y.f!.9.~,,~~,!tsl!},g~g~_ .. _~ ___ · _70 __ 109 _____ n~~_,,,,,.~ __ . 

......... ~~~ .................... AP..P..~.p..~~.~.~.~~~y. .. ~~.~ .. ~~.f.~.g .. ~.g~ .............................. ~ ................ ~ ................. ~~ ........................... . 
.......... @ .................... .PAT.A.:~~~QA~!.~y. .. ~~.m.Qg.f~&..~9.g~ ........................ ).4 .............. ~.L ............ ~.~ ........................... . 
.. "".,~~~~w.~ .. "',,,}2.A.rA .. Q.9~ .. ft~!.~Y.}'!.9..'!! .. N1QE..~i.~~ng .. ~g~ .. ",." ... "w .. _",,_~., . .1.L __ --.JL .. w.w~,w.!l~,_"''''''._'.m_' .. 
......... !:P.: .................... AP..P.~.~.~~ .. ~~~p..~~ .. ~.~.x.~.~:? .. ~~~~~~}9.~ ............... ?..~ .............. P.~ ........... ~~ ............................ . 

t23 SYSALE inactive low to ADDR valid hold time 121 124 ns ................................................................................................................................................................................................................................ 
....... J~ .................... AP..P..Ky.~4..g.e.I~y..fr.9m .. ~§J~..f.~~.g .. ~g~ ..................... ):? ........... ..7.~ ............... ~ ........................... . 
.......... ~ .................... AP.P..~ .. 0.~~.~.~.~~.ll:y. .. ~~.~ .. ~~}i.~~nl.t~~g.~ ....................... )Q ............. 2Q .............. ~~ ............................ . 
.......... q§ ..................... ~.x.$.~g .. ?~~~.~.h!g~ .. gQ~.9.~~y. .. ~.~.gf~~.s.~g~ ..... ? ............... ~~ .............. ~~ ............................ . 

t27 SYSALE inactive low delay from NRFSH rising edge 8 40 ns 
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Symbol . Parameter Min Max Unit 

.......... @. ..................... ~.:'(~&.g.~~~y~.~.gh.~~~y..E:9.~ .. ~.~~g.~g~ ............. ? .............. }.L. ........... ~~ ............................... . 
......... g2 ..................... ~X~.M:g.~P.:y.~J.9.~.Q.~~ .. f.t:Q~.M:g.f~lJM~g.~g~ ......... ? ................ 1.§. ............. ~~ ............................. .. 
......... !2Q .................... ~ .. (~.~~~~2..~!!~.~.~~ .. ~~~~y..f!~~.~9.E~~~g .. ~.g!? .. }.!.. .......... )Q?. ........... ~~ ............................. .. 
.......... Qt ................... ~.(~~:-:~) .. ~~gy~.~gh.~~.~.*~g .. ~.g~ ................ J:7. ............ ..!.~§. ........... ~~ .............................. .. 
......... Q~ .................... P.ATAy.~!!.~J~y..f!P.!!!.~A.f.~g.~g!? ..................... )7. ............. M. ............. ~~ ........................ : .... .. 

t33 DATA float delay, from NINT A risin~ge 9 4S· ns 

.......... ~ ..................... ~~9.§..~gy.C?J~~.Q~§y. .. f.t:!?~ .. ~.~.~.~.g.~g~ ............... P .............. §§ .............. ~~ .............................. .. 
.. : ...... Q:? .................... ~.T9.§.§..~~P.:y.~.hJ&h .. ~!?J.~y..g:9.~.~ .. rt~!~g.~g~ ......... ? ................ 1.§. ............. ~~ .............................. . 

t36 OUT! a~tive hig~ dela>:...... from TCL~ fal1if!~gL-] 53 ns __ ~N_ 

.......... ~.? .................... .9..y.P.~.~P.:y.C?.}~~.Q~~y. .. ~~.!~~.f.~g .. ~g!?. ......... }.Q .............. ~.~ .............. ~~ .............................. .. 
t38 DATA invalid time delay from 

..................................... P..~I~ .. ~.~9.w..~!!~.~.~}g.~ ..................................................... 2 ................ ~.~ .............. ~~ .............................. .. 
t39 DATA set-up time to NIOWactive low 0 ns 
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FE3010 B4-Pln Plastic Chip Carrier (J-bend Loods) 

, i .045 :.003 L-+ 11.14:.08mm) 

.045:.003 

1\.\4:.08 mm) 

Figure 4.8 FE3010B 84·PIN DIMENSIONS 
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FE3021 ADDRESS BUFFER AND MEMORY CONTROLLER 

. 5.0 Introduction 

The FE3021 device is designed to reduce chip count, increase flexibility, and provide im­
proved operating speed and functionality when used with the FE3001, FE301O, and FE3031 
devices to implement a low cost, high perfonnance AT compatible computer. 

Chip count is reduced by integrating the memory controller, AT bus address buffers, and I/O 
, Manager functions into one chip. ' 

The memory controller is a high perfonnance design, with programmable modes of 
operation. It controls page mode DR.A.M or static column DRAM. 

Up to 4 banks of DRAM may be controlled. The DRAM bank locations are programmable on 
128K byte boundaries. One memory bank allows split addressing, so that one portion may be 
placed in conventional memory with the remainder in extended memory, with an additional 
mode to allow copying BIOS code from ROM to RAM for faster execution. 

The major features of the FE3021 device include the following: 

• Page mode DRAM access with interleaved memory banks 

• Controls up to 4 banks (up to 8 MBytes) of memory 

• ,On- chip RAS and CAS drivers for DRAM chips 

• On- chip DRAM address multiplexer 

• LIM standard EMS expanded memory hardware (supports ElVIS 4.0 multi-tasking) 

• On- chip address and control signal buffers for directly driving AT bus 

• Zero wait state access at 16 :MHz using 100 ns DRAM with page mode access 

• Generates chip selects for floppy controller, 8042, 80287, and NMI 

• Generates programmable chip selects for four additional devices 

Maps main and EGA BIOS into one physical PROM 

• t'Hot" reset generation for quick 80286 switch £rom protected to real mode 

Fast Alternate Gate A20 generation 

• 132 pin JEDEC plastic flat package 

A major function of the FE3021 is to generate chip select decodes for peripheral chips on the 
system board, for instance, the floppy controller, hard disk controller, serial, and parallel port 
chips. The floppy and hard disk chip selects may be disabled or may be enabled for either the 
primary or secondary address decode, as defined by IBM. Four programmable chip selects are 
available, for supporting serial, parallel, mouse, or other types of ports. Refer to Figure 5.1 for Pin 
assignment information and locations. 
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FE3021 Address Buffer and Memory Controller Section 5 

To reduce chip count and improve perfonnance, particularly when an EGA graphics 
controller is placed on the system board, separate blocks of ROM may be mapped into a single 
physical ROM. For instance, the EGA BIOS and standard BIOS may be placed into the same pair 
of ROM chips or into a single 8 bit wide ROM. Besides reducing chip count, EGA operating speed 
will be improved, since EGA BIOS will be accessed 16 bits at a time. To improve BIOS perfor­
mance, ROM code may be copied into excess RAM, and the BIOS ROM mapped out and 
replaced by RAM 16K bytes at a time. (Excess RAM is the 384K left over after the lower 640K out 
of a 1 MB RAM is used.) 

; 5.1 80286 Interface 

This interface port connects with the 80286 address lines and the 80286 bus status lines. By 
connecting directly to the 80286 and by duplicating a portion of the 82288 bus controller lOgiC, 
early determination of memory or I/O accesses may be made, as well as whether the access will 
be 8 bits or 16 bits. 

PIN NUMBER MNEMONIC I/O FUNCTION 

Table 5.1 802861NTERF ACE PIN FUNCTIONS 
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5.2 Data Bus Interface and Bus Control 

The data bus port is4 bits wide, which should connect to the EDATA local data bus, and is 
used to access the I/O Manager control logic. The upper 4 bits should be ignored when reading 
the control registers. 

PIN NUMBER MNEMONIC IJO FUNCTION 
17 EDATA3 I/O CONIROLfiGISTERDATA~INE . 

1 ..... ~.~ .............................................. gP.A'!~ ............ : ....................... YQ ..................... ~ ........................... ~ ....................................................... . 
.... J? .............................................. ;gP.A];'A.~ ..................................... v.9. ...................... ~ .......................... ~ ...................................................... . 

14 EDATAO I/O CONIROLREGISTERDATALINE 

5.3 I/O Chip Selects 

. This logic section generates chip selects for standard system board functions such as the 8(»2 
keyboard controller, 80287 math coprocessor, floppy controller, and hard disk controller. It also 
generates chip selects for up to 4 additional I/O ports which may have programmable addresses 
and wait state characteristics. 

PIN NUMBER PIN NAME IJO FUNCTION· 
_. _4~____ _~ ____ ~O ___ ;:.;PR~OG;;...;;;~~~!llP ~FJ.E.£f~ 

47 CS1- 0 PROGRAMMABLE CHIP SELECT 1 ................................................................................................................................................................................................................................. 
46 CS2- 0 PROGRAMMABLE CHIP SELECT 2 

. OR R T. CLOCK CHIP SELECT 
..................................................................................................... u ................................................................ u •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

·45 . CS3- . 0 PROGRAMMABLE CHIP SELECT 3 
: ______ . ______________________ ~ _______ ~O~R~a~D~.C~O~NT·CHIPS~bECT ~ ___ 

. 49 CSF 0 FLOPPY DISK CONTROllER CHIP 
SELECT OR OPERATION OR 

................................................................................... 1 ........................................................ g.Q@.q.~.~9.~~:+E.~.~E:~f.I ................. .. 
.......... ® ........................................ ~.~.?Q1~~ ...................................... Q ......................... ?Q4~.~~QARP..G.Qm. ... §.gb§g ...... .. 
.......... ~~ ...................................... S.~~~.?:: ........................................ 9. ......................... ?9.f..§.l .. 9.Q~gQgE:~.~9.~.~.:g~g ............. . 
.......... ~.Q ......................................... 9.~~:: ...................................... Q ........................ ~.~~9. .......................................................... . 

22 CSPTB- 0 ENABLE MEMORY PARITY 
AND I/O CHECK. 

5.4 I/O Control 

This logic section contains control logic for the I/O bus. 
The IORDY signal will go low when generating wait state·s. For 12 Mhz systems, this signal 

may be tied directly to the bus signal IOCHRDY. For 16 MHz or 20 Mhz systems, this signal 
should instead be "AND"ed with the IOCHRDYbus signal through a 74FOB, and the combined 
signal sent to the FE3001. The IORDY pin will nonnally be at a high impedance state. When 
generating wait states, it will go low. When going from a low to a high state, the IORDY pin will 
be actively driven high for one processor clock time, then the output will tri-state. An external 
pullup resistor should be used to keep the IORDY signal high when the IORDY pin is at a high 
impedance state. The state of IORDY- is sampled at the rising edge ofRESET-i if IORDY- is low at 
this time, the FE3021 will fetch data and instructions from the BIOS ROM 8 bits at a time, other­
wise a 16 bit wide ROM is assumed. 
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The IOR-, IOW-, MEMW-, and MEMR-lines which directly drive the bus are active only 
when devices on the expansion bus are actually being accessed. This is done so that the slow 
devices on the expansion bus, designed fo~ S:MHz system operation, will not be spuriously 
selected when the current bus cycle is a 16 :MHz or 20:MHz access. When on-board 16-bit devices 
are being accessed, the address setup and hold times as well as the data setup and hold times will 
be reduced, since accesses can be made at the full processor rate of 16 or 20:MHz . 

. _.~~!.!.!.!~.!!g.~. __ .!:!~ .. ~~§ ____ ... ____ ._. ___ ..... Q .. ___ .... __ ... ~~.£!.~.9..N' ....................................................... . 
........ )P ................................... .J.QBP..Y. ........................................ 9 ........................ ggA.P.X.PJ~~~g, . .Q~gN.P.~: .................. . 

. ____ -=DrnECTLY CONNECTED TO 

1~~~:--;_::;~T-/-:;;.;~~~~;;iiJi~ 
I AN INPUT IN MASTER MODE. 

~f;:~:-~;;~:~--=/_:;j:~~;~;:-:;.E 

AND OUTPUT IN MASTER MODE. 

Table 5.2 J/O CONTROL PIN FUNCTIONS 

The following table lists the data work size, I/O addresses, and chip selects generated for 
each variable port type. 

The PORT 0, PORT 1, PORT 2, and PORT 3 addresses are fully programmable, with the 
choice of either using nine I/O addresses for decode, or masking the AS address bit (for instance, 
for decoding dual serial ports). The LSB (AO) address is always ignored. The lower 2, 3, or 4 bits 
of the address may also be ignored so that 2, 4, 8, or 16 bytes may be allocated for the port. 

AIl FE3021 control registers, except those used for EMS page mapping, are accessed by first 
writing.eight times to address FFFOO (in an area allocated for ROM BIOS). Any memory access 
outside of the ROM BIOS address space, either data access or instruction fetch, will abort the un­
locking process. Once unlocked, memory accesses outside of the ROM BIOS area may be made 
without affecting the unlocked state. When unlocked, the address space from FFFOI to FFFFE be­
comes register controls for the FE3021 device. The controls are locked again by reading location 
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FFFFF. This access method guarantees that all control register changes will be made through the 
BIOS. 

A Version Number.register provides information on the version of the FE3021 chip. It also 
contains a bit which toggles between'O' and '1' which provides indication that the register set has 
been unlocked. . 

VERSION NUMBER 

FfFO. I X I X I X I X I :VER : I T I 
76543210 

T: toggles between 0 and 1 with every read access of the Version Number register. 
V: 000 when T=O for initial version 

111 when T=l for initial version 

System board devices maybe located on the EDATA bus rather than on the I/O expansion 
slot DATA bus. The SELDAT- signal which controls the DATA to EDATA bus direction is af­
fected by the two port location registers. This option is available for peripheral devices which can­
not directly drive the high current I/O slot DATA bus. Note, however, that DMA transfers can­
not be made to devices on the EDATA bus. 

The SELDAT- signal is active (low) when IOR- is active and address bits AS and A9 are low, 
or the PORTS LOCATION register indicates that an addressed port is on the EDATA bus. The 
SELDAT- signal is also low when MEMR- is active and the 8-bit BIOS is being accessed. 

PORTS LOCA nON REGIS~R 

FFFOOI x I x I x I x I A I B I cl D I 
7 6 543 210 

A=O PORTOON DATA BUS 
~_A = 1_, PQRIO ON EDArA.~U~ __ ~. _______________ _ 

B = 0 PORT 1 ON DATA BUS 
B=l PORT 1 ONEDATABU::..;;S;.....-..-___ . _________ . _____ _ 

C=O PORT 2 ON DATA BUS 

......... G .. ::J ................................... P.9.:RT.~.9.NJ~P.AT.A)?Y.~ ................................................................................................................ . 
D=O PORT 3 ON DATA BUS 
D= 1 PORT 3 ONEDATABUS 

THE PORT LOCATION REGISTER IS CLEARED BY A MASTER RESET. 
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PORT 3 CONTROL REGISTER 

FFFoalxlxlxlxl + >IOBI 
7 6 543 2 1 0 

WS lllGH SPEED WAIT STATES 
_00 1 

......... Q! ......................................... ~ ..................................................................................................................................................................... .. 
........ }Q ........................................ } ...................................................................................................................................................................... .. 

11 4 

OB CS3· WAIT STATES 

......... .Q ......................................... ~.P.gf.A~I.(~J7.QM ............................................................................................................................. .. 
1 mGH SPEED HARD DISK CONTROllER 

THE PORT 3 CONTROL REGISfER IS CLEARED BY A MASTER RESET. 

ENABLE PORTS REGISTER 

END . FFF10 I X I x I x I x I EN. EN2 ENl 
~7~~6~~5~-4~--=3--~~2~~~1--~~D~ 

, 
THE ENABL~ PORTS REGISTER IS CLEARED BY A MASTER RESET 

The PORT 0, PORT 1, PORT 2, and PORT 3 chip selects are enabled with the Enable 
Ports register. If the Enable bit is 0, then the port chip select bit will always be at an inactive 
(high) state. All four ports are disabled after master reset. " 

For ports 0, 1, and 2, the access will have the default wait states: 1 wait state for 16 bit accesses 
and 4 wait states for 8 bit accesses, with the wait states timed from the System Clock. The selected 
chip must generate IOCSl6- if it is a 16 bit peripheral. 

For port 3, the access"will normally have the default wait states but may also be programmed 
to have high speed wait state timing for an on-board 16 bit hard disk controller capable of high 
speed access. If the OB field is 'I', the WS field will set the number of high speed wait states, 
timed from the CPU Clock, when the disk controller data port is accessed. The other disk control­
ler ports will always be accessed at low speed. 
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IxlxlxlxlolulW~KI 
7 6 5 4 3 2 1 O. 

LMASK ADDRESS BITS COMPARED 

......... Q9. ............................. A.!!. ..... A~ ..... A.:7.. ..... A§. ..... ~ ..... A4 ..... ~ ...... ~ ..... A.J ..... ~ .......................................................................... . 
.......... Q.!. ............................ ~ ...... A~ ..... A..7. ..... A§ ..... M ..... A1 ..... ~ ..... ~ ..... ~ ........ ~ ........................................................................... . 

10 A9 AS A7 A6 AS A4 A3 X X X .................................................................................................................................................................................................................................. 
11 A9 AS A 7 A6 AS A4 X X X X 
U = 0 : INCLUDE A8 IN ADDRESS COMPARISON 

LMASK ADDRESS BITS COMPARED 
00 A9 X A7 A6 AS. A4 A3 A2 Al X 

.......... gJ ............................. M. ..... ~ ........ A? .... A.:~ ..... b.?. ..... A1 ..... ~ ..... A?: .... ~ ........ ~ ........................................................................... . 
........ J.9. ............................. A.!!. ..... ~ ....... A.:7.. ..... A§. ..... A? ..... A4 ..... ~ ...... ~ ........ ~ ....... ~ .......................................................................... . 

11 A9 X A7 A6 AS A4 X X X X 
U = I : IGNORE A8 IN ADDRESS COMPARISON 
THE PORT ADDRESS MASK REGISTER IS CLEARED BY A MASTER RESET. 

PORT PORT CONTROL REGISTER ADDRESS 
·0 FFF09 ................................................................................................................................................................................................................................. 

I ~II ................................................................................................................................................................................................................................. 
2 . ~19 

3 ~I 
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PORT ADDR • LOWER MSB 

I x 1 x 1 x 1 x 1 x 1 x 1·+·1 
78543210 

PORT ADDR • UPPER LSB 

I x I x I x I X 1A7 1··I .. IA41 
76543210 

PORT ADDR • LOWER LSB 

PORT PORT IJO ADDRESS REGISTERS 
A9-AS A7-A4 A3-AO 

ITEr -§~I 
The PORT I/O ADDRESS registers for all four ports are set to all zetos by a master reset. . . 

The following table lists the I/O addresses and chip selects generated for each fixed port 
type. The number of wait states for the fixe<i ports is set by the External I/O Wait State Control 
register. The chip selects are not gated with IOR- or IOW-. The CSNMI- signal is decoded for both 
even and odd addre~ses, so that access may be made to the FE300t control register at address 
073. When writing to I/O port 070, the IOW- output to the expansion bus will not be asserted. 

The floppy controller operations register select, configuration register select, and floppy disk 
controller chip select may be generated from the CSF and CS3-pins, (when CS3- has been defined 
to be the hard disk chip select. The operations register is being accessed when CSF is active 
(high), CSHD- is inactive (high), and At is high. The configuration register is being accessed 
when both CSF and CSHD- are active. The floppy chip select is active when CSF is high, CS3- is 
high, and A2 is. high. 

FE3600 5.9 



Section 5 

PORT BIT SIZE 
FLOPPY 8 

FE3021 AddIess Buffer and Memory Controller 

IJOADDRESS 
3F2 
372 

ACTIVE PIN 
CSF 

FUNCTION 
FDC OPERATION SELECT. 
3F2IS PRIMARY ADDRESS, 
372 IS SECONDARY ................................................................................................................................................................................................................................. 

8 3F4-3F5 CSF 3F4-3F5 ARE PRIMARY 
374-375 ADDRESSES, 374-375 ARE 

............................................................................................................................................................... $.&.GQ@.M.X.· ................................. . 
8 3F6 CS3-* HARD DISK CONTROllER 

376 CHIP SELECT. 3F6 IS 
PRIMARY ADDRESS, 376 

............................................................................................................................................................. J~ .. ~.§G.QNP..MY.: .......................... . 
8 3F7 CSF CS3- AND CSF PINS WILL 

377 CS3-* BE ASSER1ED. 3F7 IS 
PRIMARY ADDRESS, 377 

.............................................................................................................................................................. I~.~gGQ.@AS.X~ .......................... .. 
80287 8 OEO-OFF CS287- 80287 CHIP SELECT . .................................................................................................................................................................................................................................. 
8042 8 060-06E CS8042- 8042 CHIP SELECT. 

NMI 
LOGIC 8 

PARITY 
CHECK 8 . 

@y:gm ' ____ "w_~,~·~~"'~w~ 

070-07F 

061-06F 
(ODD) 

CSNMI-

CSPTB-

-
REAL TIME CLOCK AND 
NMI LOGIC SELECT 

PARITY CHECK SELECT 
AND PORT 1 CLOCK. 
EXTERNAL LOGIC MUST 
SEPARA1E THE SIGNALS. ___ • ______________ ~ _____ __:.:.:;;.,,~:;c.,;;,_w.,_._.'w ___ "'.~~~~.,· __ . 

HARD 
DISK 16 1FO' CS3- * HDC CHIP SELECT - DATA 

170 PORT ACCESS. IFO IS 
P~Y ADDRESS, 

............................................................................................................................................................. J}9..~~ .. ~.§G.QNP..MY .................. . 

5.10 

8 IFI-IF7 CS3- HDC CHIP SELECT - TASK 
171-177 FILE. IF1-1F7 ARE 

PRIMARY ADDRESSES, 
171-177 ARE SECONDARY. 

Table 5.3 IJO ADDRESSES/CHIP SELECTS FOR FIXED PORTS 

"WHEN CS3- PIN IS PROCRAMMED AS HOC CHIP SELECT . 
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DH=O: 

DH=l: 

DF=O: 
DF=l: 
H=O: 
H=l: 

F=O: 
F=l: 

PRIMARY I SECONDARY PORT FUNCllON SELECT 

7 6 543 2 1 o 

CS3- pin will respond to address programmed by FFF22-FFF24 

CS3- pin will respond to hard disk addresses 
Enable CSF output 
Disable CSF output <output always high) 
Primary hard disk port Address 

Secondary hard disk port Address 
Primary floppy disk port Address 

Secondary floppy disk port Address 

DH, DF, H, and F are cleared to '0' by master reset 

5.5 Memory Control 

Section 5 

Four RAS pins are available for controlling up to four 16 bit wide banks of system board 
RAM. EigJ:t CAS pins control the low and .high bytes of each bank. During a refresh cycle, all 
RAS signals will be active (ignoring the RAM configuration register FFF57) and CAS signals will 
stay inactive. 

The RAS and CAS lines drive the DRAM array directly. 

PIN NUMBER MNEMONIC 110 FUNCTION 

..... ~~~._ ............................. )~b.~Q: .................. .9. ..... _ .. ~.~ .. ~~QN:~.fQ.~.P.~.ME:M.Qg.x.~~ .. Q ............................... . 
129 RASl- 0 RAS SIGNAL FOR DRAM NfEMORY BANK 1 ....................................................................................................................................................................................................................................................... 

.. ..!2.Q ............ _ .............. __ .M.~~_-: ........... _ ...... Q ..... _ ... ~.§ .. §.~QN:N.:-.. fQS.P.MM..ME:M.QRY. .. ~~ .. f. .............................. .. 
, 132 RAS3- 0 RAS SIGNAL FOR DRAM NfEMORY BANK 3 .............................................................................................................................................................................. _ ................................................................ . 

... )~~ ...................... _ ... __ .. _~~.~!A: ........ _ ...... Q ....... _~~.~ .. §.~QN:N.:-.. f.9..~J2g.~.ME:M.9.RY. .. ~~ .. Q, .. ~9..w.~.m .. . 
..... ~.f.§. ........................... _._~b.~.~1.: ................. 9. .. _ ..... ~~~ .. ~IQ~&..f.9.g.1?~ .. ~M.Q~X.~.~).!.~Qw..~.m .. 

2 CASL2- 0 CAS SIGNAL FOR DRAM NfEMORY BANK 2 LOW BYTE 
3 CASL3- 0 CAS SIGNAL FOR DRAM NfEMORY BANK 3, LOW BYTE 
4 CASHO- 0 CAS SIGNAL FOR DRAM NfEMORY BANK 0, HIGH BYTE 
5 CASH1- 0 CAS SIGNAL FOR DRAM NfEMORY BANK I, HIGH BYTE 
6 CASH2- 0 CAS SIGNAL FOR DRAM NfEMORY BANK 2 HIGH BYTE 
131 CASH3- 0 CAS SIGNAL FOR DRAM MEMORY BANK 3, HIGH BYTE 
18 REFR- I NfEMORY REFRESH SIGNAL 
43 CSPROM- 0 BIOS PROM SELECT 

.... ~§._ .............. _ .......... _._ .. Im.: ................... .L .......... $.g~9.NP. .. I&. .. Q.v.ITY.I .. Qf..M.$. .. P.g.b~.Y..1lli§ ............................. . 
.... ¥: ... _ ........................... _ .. IM..k ............. _ .... .L ......... ~§.I .. T.&. .. Q.Y.:IT.Y.T..9.f..~.§..P.g1~.Y..!:-.~ ................................... .. 

58 RAS- 0 TO RAS DELAY LINE INPUT 

Table 5.4 MEMORY CONTROL PIN INFORMATION 
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5.6 Memory Address Multiplexer 

The memory address multiplexer generates the row and column addresses for the 
DRAM. The memory address multiplexer outputs should be buffered by external drivers when 
driving the memory array. 

PIN NUMBER MNEMONIC I/O FUNCTION 
.. JJ ....... _ ....... _ .. _ .... _ .. __ MQ .. _ .... _._._ .. Q .. ___ ME~Q.gX.N.?!?@§.§ .. M1&.1EbE:~JtQYITY.J..J?.IT..Q .. QJ.J?.} 
... }~ ...... _ .................. _ .. _._~.!. ___ ....... __ . ...9 ___ .MgM.Q~X .. ~!?~.~.~ .. MY.1lE.p~~~.9..Y.IT.lITJ?IT. .. L ..... _ ..... 
.... ~.~ .... _ ...................... __ ~._. __ ............ _Q ___ .:.~M.Q.gX.N.?!?@~~.~.1EbE:~.B..QYITY.J..J?..IT..~ ........... _ .. 
... }:! .. _ .......................... _ .. ~_ .. ___ ._._ .... Q_._ ... ~O~.x..~!?~§..~ .. MY.1lE.~g~gQY.ITY.F. .. ~IT.} ....... _ ..... 

35 RA4 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 4 
36 RA5 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 5 
37 RA6 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 6 
38 RA7 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 7 
39 RA8 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 8 
41 RA9 0 MEMORY ADDRESS MULTIPLEXER OtITPUT BIT 9 (MSB 

Table 5.5 MEMORY ADDRESS MULTIPLEXER OUTPUTS 
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64K DRAM ADDRESS MULTIPLEXER CONFIGURATION 

.M;gM.QgY...M.QP.~L ................... ~ .... M.A.~ .... MA7. .... ~.~ .... M.A? .... M.A1 .... ~ .... ~ .... ~.L.M.AQ ................. . 

. ~gr.~g;t;IT. .......... ~ ..... (A..W .... ~L .... A~ ......... AI. ....... A§. ........ ~ ......... A1 ........ ~ ......... ~ ......... AL .................. .. 
. ~.QN.r.AG§.M.QP.g ..... GA~ ... ..cAf.Q ..... A.J~l .... M.§. ...... ~.!~ ....... A.H ...... ~n ...... A~.~ ...... ~.H ....... A~.Q ...... A2. .................... .. 

. ~gr.~J;NI ........... M~ ... .,(Af.Q ..... A.J~l .... A!§. ...... ~.!~ ...... ~H ...... M} ....... A.J~ ...... ~g ...... A.W .... ..At ................... .. 
PJ\GlU~!9P.!L,,_~~L(blQ.._~).....M.~_~L-..A§ A5 A4~_~~~ __ 

.~.W.AY. .. lliJ1..Y. ............. M.~ ..... (~Q .... A!.~>... .. A!.~ ...... A!.$. ...... AH ...... M.~ ...... Ag ..... AU ...... AW ..... A1.7. .................. .. 

. r.Aq.~.M.9.R.g ................. ~.~.~ .... JA..~9. .... ~2.. ..... A~ ......... AI. ....... A§ ......... ~ ......... A~ ......... ~ ......... ~ ........ AL ................... . 

..iWf..LI:NJ:1Y",_~L<MjLA~LAI6 -A12-_AI4 AI3 _AJ1...2j"t __ AII!..".A-II_Y,~, 
PAGE MODE CAS (AIO A9) A8 A7 A6 A5 A4 A3 A2 Al 

256K DRAM ADDRESS MULTIPLEXER CONFIGURATION 
lliP~EN1?g.t{f RAS (~lOLA9 A8_~7 A6 AS A4 A3 A2 Al 

I:~::~~~~::~:;-..:::::·::::::::.~:::-..-.:::.::-..:::·:·:::-..:~:~.:~~-. ....... j 
r.A9.~.M.QP~L .............. fA~ ... jA~9.>...!.\? ......... A~ ......... A7. ........ A§. ........ A? ......... A~ ......... ~ ......... ~ ........ AL ................. .. 

. ~.W.AY..J~f.~1Y .............. M.~ ... j~9.LA.~.~ ...... A1~ ...... A1?.. .... A!.~ ...... ::\!.~; ..... A1~ ...... A.U ...... A!.~ ...... AP ................. .. 
.P.A.9.g)Y:~Qp.g ................. GA~ .... {A.JQLA2. ....... A.~ ......... A..7. ........ A~ ......... A? ......... A~ ......... A2 ......... ~ ........ .AL .................. . 

. 1 .. W.~X.~y .............. M~ .... {Af.QL~J~ ...... A.J§. ...... ~J~ ...... A.H ...... ~.~~ ...... A~~ ...... ~Q ...... ~J~ ...... ~F ............... ...I 
PAGE MODE CAS (AIO) A9 A8 A7 A6 AS A4. A3 A2 Al 

1 MBIT DRAM ADDRESS MULTIPLEXER CONFIGURATION 

.~~~g~ ........... ~~ ..... A~9. ...... ~ ......... A~ ......... A? ......... A~ ......... ~ ......... A~ ......... ~ ......... !.4 ......... A~ .................... .. 
~Q~.~A..9.g .. MQP.g ..... GA~ ...... ~9 ....... A.J.~ ...... A.~.§ ....... ~.~.? ....... AJ1 ....... ~.~} ....... A.~.~ ...... AJ! ....... ~.~.? ...... AJI ................ .. 

. ~.~~g.~ .......... ~~ ...... ~9 ....... AJ~ ...... A.~.§. ...... AJ? ....... AH ...... A.~} ....... AJ~ ..... A.q ...... AJ? ....... A.F ................ .. 

. r.A..9.g .. MQP.g ................. ~.A.~ ..... M9. ...... ~ ......... A~ ......... A7. ......... A~ ......... A? ......... A1 ......... ~ ......... ~ ......... AL ................. .. 

. ~.w.A..Y. .. ~y .............. M.~ ..... ~9. ...... A~.? ...... AJ§. ...... A~.~ ...... A~4 ...... A~.~ ...... A~~ ...... ~.L .... A~2 ...... A1.7. ................. .. 
PAGE MODE CAS AlO A9 A8 A7 A6 AS A4 A3 A2 Al l.w-·-'w ...... -... ~.~~----____ ~~n __ ~m_w.w ----~~-•• -~ •.. 

4 WAY IN1LV RAS A20 A18 Al6 AI5 AI4 A13 A22 A2I A19 AI7 (PAGiiMO'riE ................ CAS .... ·A'i'O·: .... A9 .. · ...... AS ........ ·A7 ........ ·A6 .. · ...... A5 ........ ·A4· ........ Aj .. · .... ·Ai ........ ·Ai .................. · .. 

REFRESH ADDRESS - ALL DRAM SIZES 
A9 AS A 7 A6 AS A4 A3 A2 Al AO 

Table 5.6 ADDRESS MULTIPLEXER CONFIGURATIONS 
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Section 5 FE3021 Address Buffer and Memory Controller 

FFF50 

SYSTEM BOARD ROM WAIT STATE 

CONTROL REGISTER 

7 6 5 4 3 2 

RWS mGH SPEED WAIT STATE 
00* 1 

RWSE 

1 o 

................................................................................. n .............................................................................................................................................. . 

01 2 ................................................................................................................................................................................................................................. 
......... J9. ......................................... ~ .................................................................................................................................... ~ .................................. . 

11 4 

RWSE=l: ENABLES RWS, OTHERWISE ON-BOARD ROM AND RAM WAIT STATES WILL 
BE SET BY FE3001. 

ER = 1: EARLY EPROM/SYSTEM ADDRESS WILL BE GENERATED. 
TIllS REGISTER IS CLEARED TO ZERO BY MASTER RESET. 

The RWSE bit is used to select between default wait states or programmble wait states {or on­
board RAM and ROM. The FE3001 wait state generator will generate 1 wait state {or 16 bit 
devices and 4 wait states {or 8 bit devices. If the RWSE bit is '0', then th~ FE3001 will generate the 
wait states. If the RWSE bit is '1', then the FE3021 will generate a programmable number of wait 
states, set by the RWS field. The on-board ROM and RAM wait states are generated using the 
high speed processor clock. 

The ER bit will cause the EPROM or system addre?s to be output to the expansion bus one 
high speed clock {aster than normal. nus will give more address setup time {or the EPROM, 
which may allow the use o{ slower and less expensive EPROM. However, the expansion bus ad­
dress hold time {or the previous cycle will be reduced by the same amount. At 16 MHz, with 
early EPROM addressing enabled, the bus address hold time will be about 30 ns (one high speed 
clock). 

The system BIOS address space is from FOOOO to FFFFF.1f the EGA BIOS is to be 
mapped, then the BIOS ROM chip select is also active when the region from COOOO to C3FFF is ad­
dressed. The address output onto the expansion bus will be automatically translated. The BIOS 
PROM size and number o{ wait states will then apply to both regions FOOOO-FFFFF and COOOO­
C3FFF. 

The BIOS EPROM size may either be 8 bits or 16 bits. The EPROM size is determined at reset 
time, and is signaled by the IOROY line. If the IORDY line is high at the trailing edge o{ master 
reset, then the E:rROM size is set to 16 bits. If the IORDY line is low at the trailing edge of master 
reset, then the EPROM size is set to 8 bits. 

The CSPROM- signal is only active when MEMR- is active. 
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~FE3021 Address Buffer and Memory Controller Section 5 

MEMORY ADDRESS RANGE 
FOR ACTIVE CSPROM· 

OFOOOO-OFFFFF 
FUNCTION 
BIOS SIZE = 64K (DEFAULn. 

......... ff9.9:QQ:-:t.t:t:ttf. .................................................................................................................................................................................... . 
OEOOOO-OFFFFF BIOS SIZE = 128K. 

......... :f.E.QQ9Q::t.t.t:t:t:t .................................................................................................................................................................................... . 
OCOOOO-0C3fFF 16K EGA BIOS MAPPING ENABLED. 

ADDRESSES TRANSLATED TO 0F8000-0FBfFF .................................................................................................................................................................................................................................. 
OCOOOO-0C7fFF 32K EGA BIOS MAPPING ENABLED. 

ADDRESSES TRANSLATED TO 0F8000-0FFFFF 

EGA = 00: 
01: 
10: 

EPROM I RAM MAP CONTROL REGISTER 

7 6 2 1 o 

No EGA mapping. 
16K EGA map. COOOO -C3FFF mapped to FSOOO - FBFFF 

32K EGA map. COOOO - C7FFF mapped to·FSOOO - FFFFF 

PS= 0: PROM chlp select will be active when address is OFOOOO-OFFFFF 
or FFOOOO-FFFFFF, for 64K of BIOS. 
Default case after master reset. , 

1: PROM chip select will be active when address is OEOOOO-OFFFFF 
or FEOOOO-FFFFFF, for 128K of BIOS. 

A single contiguous block of memory may be write protected, so that when BIOS ROM is 
copied into RAM, the RAM copy will not be inadvertently altered. 

. Master reset clears the upper addresS boundary registers and presets the lower address 
boundary registers, which disables write protection. Write protection is enabled on the address 
range where the RAM address is less than or equal to the upper address boundary as well as 
greater than or equal to the lower address boundary. Write protection is programmable on 64K 
boundaries, and the write protection boundaries must be equal to or above 80000H and equal to 
or below FFFFFH. Write protection will not affect EMS writing even if the EMS window address 
range is covered by write protection boundaries. This allows protection of BIOS code copied into 
RAM without affecting operation of EMS. 

Write protection is accomplished by not asserting CAS when MEMW is active. 
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FE3021 Address Buffer and Memory Controller 

RAM WRITE PROTECT 
UPPER ADDRESS BOUNDARY 

FFF53 1 X 1 X 1 X 1 X 1·1·IA1+71 A16 
76543210 

THIS REGISTER IS CLEARED BY MASTER RESET 

RAM WRITE PROTECT 
LOWER ADDRESS BOUNDARY 

FFF55 1 X 1 X 1 X 1 X 1'1'1 A1+71 A16 
76543210 

THIS REGISTER IS PRESET TO ALL '1' BY MASTER RESET 

Three of the memory banks , may be programmed to various sizes, on 128K boundaries. The 
fourth memory bank's starting address location is fixed at 100000(hex). 

A pair of window registers determines the address range for each memory bank. This allows 
banks 0, 1, or 2 to be positioned at varying points and in different order than the bank number. 
If one bank of memory is defective, it can be disabled and the other banks can be programmed to 
re~~e~. . 

Bank 0 has three pairs of window registers to allow split addressing, so that the bank can be 
configured around the 640K-1024K area reserved for video and BIOS. A hardware address trans­
lator is used to move the top split. dne additional split addressing mode allows copying user and 
video BIOS into RAM for faster execution. n this mode, the hardware address translator is turned 
off. A typical configuaration when using this mode is where there are two banks of 256K 
DRAM. The bottom split would be used for conventional memory from 8000 to 9FFFF. The top . 
split could be used for extended memory or could be used to copy main BIOS from ROM to RAM 
in the address range EOOOO or FOOOO to FFFFF. A middle split is avauable for copying user and 
video BIOS from ROM to RAM. This middle split has boundaries programmable between COOOO 
to DFFFF in 16K address increments. 

In non-interleaved mode, b~ 3's position is fixed. The lower boundary starts at 
100000(hex). The upper boundary is at 11FFFF(hex) for 64K DRAM, at 17FFFF(hex) for 256K· 
DRAM, and at 2FFFFF(hex). In interleaved mode, bank 3's position is set by bank 0 (for 4 way in­
terleave) or by bank 2 (for 2 way interleave). 
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,FEs02tAddiess BUffer and Memory Controller . 

BANK 0 • LOWER sPur 

UPPER ADDRESS BOUNDARY· LSD 

FFF57 I x I x I x I x I A19 \ A18 A17\' 0 • I 
76543210 

UPPER BOUNDARY MUST BE OFXXXX OR BELOW 

LOWER ADDRESS BOUNDARY· LSD 

FFF59 I xl x I x I x I A19 I 0 \ 0 \ 0 

76543210 

LOWER BOUNDARY MUST BE OOXXXX OR 08XXXX 

UPPER ADDRESS BOUNDARY = 09XXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = 08XXXX (HEX) BY MASTER RESET 

BANK o· UPPER spur 

UPPER ADDRESS BOUNDARY· LSD 

FFF5B I x I x I x I x I A19 A18 A17 '0' 

7 6 5 4 3 2 1 o -

LOWER ADDRESS BOUNDARY • LSD 

FFFSD I X I x I x I x I A,. Mal A17 '0' 

76543210 

BANK 0 • UPPER sPur 

UPPER ADDRESS BOUNDARY· MSD 

7 8 5 4 3 2 1 

LOWER ADDRESS BOUNDARY· MSD 

7 6 5 4 3 2 1 

UPPER ADDRESS BOUNDARY = OOXXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET 
(UPPER SPLIT DISABLED) 

FE3600 

o 
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~ Sectio1l 5 FE3021 Address Buffer and MemoryController 
!:"".~ .•.. \ ........ ";0...-.- ~ ..... w·, ..... ~ .. .... ', ... ' .. , ... ' .... , .•.. ,.: ..... . 

BANK o· MIDDLE SPUT 

UPPER ADDRESS BOUNDARY· LSD 

FFF5F I X I X I X I X I A15 A14 '0' '0' 

7 6 5 4 3 2 1 o 

LOWER ADDRESS BOUNDARY - LSD 

FFF61 A14.1 '0' '0' 

7 6 5 4 3 2 1 o 

BANK 0 • MIDDLE SPUT , 
UPPER ADDRESS BOUNDARY - MSD 

FFF5E I X 
I 

x I x 
I 

x I '1' '1' '0' A16 

7 6 5. 4 3 2 1 0 

LOWER ADDRESS BOUNDARY - MSD 

'0' A16 

7 6 5 4 3 2 1 

UPPER ADDRESS BOUNDARY = OOXXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET 
( UPPER SPUT DISABLED) 

FE3600 
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~~ .. ~w.".,· .• )."'.;'.J".,,: .'\..·:. .•. ~l· .• ·wl. ·C.' -.: _ .•. ' 

BANK 1 

UPPER ADDRESS BOUNDARY· LSD 

FFF63 I X I X I X I X I A19 A18 AU '0' 

7 6 5 4 3 2 1 o 

LOWER ADDRESS BOUNDARY· LSD 

FFF65 I X I X I X I X I A19 A181 A17 '0' 

765432 1 0 

BANK 1 
, 

UPPER ADDRESS BOUNDARY· MSD 

FFF62 I X I X I X I X I A23 A22 A21 A20 

7 6 5 4 3 2 1 0 

LOWER ADDRESS BOUNDARY· MSD 

7 6 5 4 3 2 1 o 
UPPER ADDRESS BOUNDARY = 07XXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = ooXXXX (HEX) BY MASTER RESET 

FE3600 
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BANK 2 

UPPER ADDRESS BOUNDARY· LSD 

FFFe7 .1 X 1 X 1 X 1 X 1 A19 Ala A17 '0' 

7 6 5. 4 3 2 1 o 

LOWER ADDRESS BOUNDARY· LSD 

FFF69 1 X 1 x 1 x 1 x I A19 Alai A17 '0' 

765432 1 0 

BANK 2 
'. 

UPPER ADDRESS BOUNDARY· MSD 

7 6 5 4 3 2 1 o 

11iESE REGISTERS ARE CLEARED BY MASTER RESET 

LOWER ADDRESS BOUNDARY· MSD 

A22 A2l I A2Q 

7 6 5 4 3 2 1 o 

11iESE REGISTERS ARE PRESET TO ALL '1' BY MASTER RESET 

(BANK 2 DISABLED BY MASTER RESET) 
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BANK 3. 

UPPER ADDRESS BOUNDARY· LSD 

A18 A17 

7 6 5 4 3 2 1 

LOWER ADDRESS BOUNDARY· LSD 

FFF6D I x I x I x I x I A19 A18 A17 

7 6 5 4 3 2 1 

BANK 3 

UPPER ADDRESS BOUNDARY· MSO 

FFF6A IxlxlxlxlA23l= A21 A20 

7 6 5 4 3 2 1 o 

TIiESE REGISTERS ARE CLEARED BY MASTER RESET 

LOWER ADDRESS BOUNDARY· MSO 

FFF6C Ix I xl xl XIA2'I= A21 A2. 
76543210 

TIiESE REGISTERS ARE PRESET TO ALL '1' BY MASTER RESET 

(BANK 3 DISABLED BY MASTER RESET) 

'0' 

o 

'0' 

o 

When bank 3 is used, registers FFF6A-FFF6D must be programmed as follows: 

All DRAM sizes: FFF6C=OOOl FFF6D=OOOO 

For 64K DRAM: FFF6A=OOOl FFF6B=OOOl 
For 256K DRAM: FFF6A=OOOl FFF6B=Oll 
For 1MBIT DRAM: FFF6A=OOlO FFF6B=1111 

FE3600 
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The RAM banks may be either independent or two-way or four-way page interleaved. 
DRAM banks which are interleaved must be the same DRAM size. 

Bank. 0 may be split into three different areas. The S bit is set to'O' when there is either one or 
two splits and the middle split is not used. This would usually be the case where bank 0 is com­
posed of 256K or 1 Mbit DRAM, and the upper portion of bank 0 is used for extended or ex­
panded memory, and the lower portion is used to backfill conventional memory. The S bit is set 
to '1' when there are three splits and the middle split is used to replace user ROM. In this case, 
the address span of the lower boundary of the lowest used split to the upper boundary of the 
highest used split must not exceed the DRAM size. For instance, if bank 0 is composed of 256K 
DRAM and the lower split is not used, and the middle split has user ROM at COOOO-C3FFF 
copied into it, then the upper split may be programmed for extended memory from 100000 to 
120000. . 

FFF51 

7 6 543 2 1 0 

CFG FUNCTION 

.......... ~ ................. ~~.~.~ .. ~ .. ~~~@.§NI .............................................................................................................. . 
011 BANK 2 PAIRED WH BANK 3. BANKS 0 AND 1 ARE INDEPENDENT 

r-.. ····-t~}··················~·~·~·~~~:~·~~~f·~·~2~~B~~~·~==~=: 
1"""110m"~ALLFOURBANKSARE-iNiERtEAVED~y~~-'-~-~~ '~hym"1 

S FUNCTION 

......... 9.~ ...................... ~.~.Q.§J~q.I.@.p.~.§.~Q.~QY..NP..~I9.§ .. ~A ..................................................................... . 
1 BANK 0 SPLIT ADDRESSING INCLUDES BIOS AREA 

"":DEFAULT AFTER MASTER RESET 
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The following table illustrates memory system characteristics with various configurations of 
memory and processor speed, both for page mode and non-page mode DRAM access. For a page 
mode hit, the read and write accesses may have different performance. For a page mode miss or 
the first access to a page, the read and write acces~s have the same performance. In a page mode 
miss, RAS- starts out low and must be brought high for a RAS precharge time before the memory 
can be accessed. 

" WAIT STATES" 
RAM MODE Cpy.. lflT MISS DRAM TYPICAL 

FRE\,l READIWRITE RJW SPEED DRAM 

............................................ ~9 .. ~ .................. ~./} ......................... ~A ........... ?9..~~ ............. ~ .. ~9..~ ................................. . 
.......................................... J9.~ ................ }.I..~ ........................ NA .......... JQ9..N~ .......... f.Y.r~~.g.?~.~J9. .................................. . 
... lliP.W.JiliP.gNT ...... H?.MH?; ................ J.lJ ......................... NA. ............ ~Q.N~ .............. ~ .. ~QL .............................. . 
... ~.9.~.~A9.g ............. P::? .. ~ ............ .9.n ......................... ~A ........... ~9..~~ .............. ~ .. ~9.~ ................................. . 
.. M.9.p..g) ....................... J~:.?.~ ............. U} ......................... ~A .......... J.f.9..~~ .... : ..... f.Y.rM."!??p?.~.~.~.f. .............................. . 
........................................... )Q.~ ................. Q.l.J ......................... N:A. .......... JQ9 .. ~.~ ........... ~.p. ........................................................ .. 
. ~_,_~. ___ ., .. "' ___ 1~¥Hz 1 L 1 ____ "'~.~_-150 N:~_~fU!MJ1?}1_5..§;:1~_~~~_. __ . 

8MHz % NA 120NS TED 
PAGE MODE l6MHz 0/1 2 lOONS FUJ:MB81256-l0 

STATIC ···coLl]MN··········· .... ···iO·M}b;·· .. ············o·/i········ ...... ········· .. i········· .. ·····70·NS·········.····~·MA28·6i~·70· .. ··· .. ······ .... · .. ··· .. 1 

Table 5.7 MEMORY SYSTEM CHARACTERISTICS' 

'. 
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FE3021 Address Buffer and Memory Controller 

RAM SIZE CONFIGURATION REGISTER - BANK 1 AND a 

I I 
SZ = 00 *: 256K 

FFF70 BNK 1 BNK a 
SZ SZ 

I I 

3 2 t 0 

BANK 0 SETS THE RAM SIZE FOR BANK 0 
BANK 1 PAIRING OR FOR FOUR WAY INT1.V. 

01 : 1M 
10 : RESERVED 
11 : 64K 

RAM SIZE CONFIGURATION REGISTER - BANK 3 AND 2 

I I 
SZ = 00 *: 256K 

FFF71 BNK 3 BNK 2 
SZ SZ 

I I 

3 2 1 0 

BANK 2 SETS THE RAM SIZE FOR BANK 2 
BANK 3 PAIRING 

01 : 1M 
10 : RESERVED 
11 : 64K 

. The DRAM timing is set by an external delay line for DMA or master mode transfers. The 
RAS leading eCIge becomes active from the active level of the MEMR- or MEMW- signals. 

The DRAM timing modes are programmed by writing into register FFF72. The DRAM 
timing mode is actually switched during a processor hold state caused by a refresh, DMA, or bus 
master cycle. The Present DRAM Tiining Mode register contains the current timing mode. 
Registers FFF72 and FFF73 will thus disagree until after a processor hold state occurs; typically, a 
refresh cycle will occur in 10 to 15 microseconds. 

5.24 

DRAM TIMING MODE 

FFF72 I X I X I X I X I D I ~TV~ I 
76543210 

DRAM TIMING MODE WILL GO INTO EFFECT AFTER 
REFRESH, DMA, OR OTHER HOLD CYCLE 

PRESENT DRAM TIMING MODE 

FFF73 I X I X I X I X I D I ~ TV ~ I 
76543210 

FE3600 
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l... ..... .Q9..~ .................... ~g9..wAIT .. ~.T.~.~.~.AP.I . .Q~ .. W.@. .. ~IAT§.~ ..... ...<M9.p.~ .. n ................................ . 
l'h~,~~QJQ~"w~., .. ,w~fA§1.rAQ,gNM9,Qg)?.EbM .. AI.,~.Q,Mfg.,gy.&\TIL, .. ~~,_w(M.QP'g .. ?tWh""'W"=h'W"'W""~w, 
......... .9..u .................... §I~~.r.A9.E..M.QP.~.f.9.~ .. ~.:J.~ .. ~.~g.v. .. RA1E ........... (¥.9.P..~}L ........... : .................. . 

100 NON-PAGE FOR STANDARD DRAM AT 8-12 MHZ (MODE 4) 

..................................... ~Y..~I§.!.~§..r.~~ .. Y@.mJ~} .. ~r.y..~~~~ ....................................................................... . 
101 NON-PAGE FOR STANDARD DRAM AT 8-12 MHZ (MODE 5) 

CPU RATE, RAS PULSE WIDTH IS 2 CPU CLOCKS 

.... DEFAULT AFTER MASTER RESET 
D=O: NORMAL OPERATION (DEFAULT) 

1: RESERVED FOR DIAGNOSTICS; 
DISABLES DRAM PAGE MODE HIT/MISS LOGIC. 

Refer to Section 2 for the timing relationships of the various memory modes. 

5.7 EMS Memory 

RAM memory above 640K may be used for expanded memory. EMS memory may be as 
small as 128K bytes or as large as 7168K bytes. The EMS memory is accessed by two sets of EMS 
Page Registers, which reside in user I/O space. Each set of EMS Page Registers points to 36 
blocks of memory, each block 16K bytes in size, which make up the EMS Page Frame. Four of the 
blocks are located above 640K, with the other 32 blocks located betweeI) 128K and 640K. . 

Each EMS Page Register is associated with one page of the EMS Page Frame, and consists of 
an enable bit and a 10 bit page number. When enabled, a 24 bit real ad4ress is formed by taking 
the 10 bit page number and appending the 14 bit address referencing the byte or word in the EMS 
page. The 24 bit address is then used to access the DRAM memory controlled by the FE3021. 

The FE3021 "page hit" circuitry is used for EMS, even if non-page mode is in effect. This will 
allow EMS access without additional wait states if accesses are made to the same 256 byte page. 
This is true even for zero wait state page mode operation at 16 MHz or zero wait state non-page 
mode operation at 12 MHz. 

The EMS hardware must first be configured by programming the EMS control registers lo­
cated in the FFFOO-FFFFF register space, which is unlocked by writing to memory location FFFOO 
eight times. The I/O port locations of the EMS Page Registers are in user I/O space and are their 
locations are selected with EMS Configuration Registers FFF75 and FFF78. 

EMS Configuration Register FFF79 is used to completely enable or disable EMS, as well as to 
switch between the two sets of EMS Page registers. 

EMS DMA Control Register FFF7 A is used to control the selected EMS map register set 
during DMA or aster transfers. This allows DMA transfers to be made to particular EMS task, 
whether or not it is the currently selected task. 
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EMS CONFIGURATION REGISTER N 

ffml: ~: I 
3 2 1 0 

EMS CONFIGURATION REGISTER M 

ffm I : ~ : I 
3 2 1 0 

EMS CONFIGURATION REGISTER 

3 2 1 0 

PFA = 00 : EMS PAGE FRAME C4oo0·D3FFF 
PFA = 01 : EMS PAGE FRAM.E caOOO·D7FFF 
PFA = 10: EMS PAGE FRAME CCOOD-DBFFF 
PFA ='11 : EMS PAGE FRAME DOOOO·DFFFF 

EMS CONTROL REGISTER 

~~~OL I rns I m fm ~EN I 
3 2 1 0 

DEN=O : DMA TRANSFERS MADE TO MAP REGISTER SET 
SPECIFIED BY "TK" BIT 

DEN=1 : DMA TRANSFERS MADE TO MAP REGISTER SET 
SPECIFIED BY "DTK" BIT 

On-board memory may be allocated either to extended or to EMS memory in 128K byte 
blocks. EMS memory is allocated from the top of on-board memory down to the desired limit. 
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r ... !.~ -.>«;" J --/ .:;, .... :.. ". ''''.' t'., ..... ':,11.", 

. r·~··· ....... ..... -,"- -." .... 
"'--'0 • -

~ . 

EMS LOWER ADDRESS BOUNDRY ;. LSD 

FFF771 X 1 X 1 X 1 xl A19 AlB I. A17 '0' 

7 6 5 4 3 2 1 o 

EMS LOWER ADDRESS BOUNDRY • MSD 

7 6 5 4 3 2 1 o 

THESE REGISTERS ARE PRESET TO ALL '1' BY MASTER RESET 

EMS PAGE REGISTER ADDRESS FOf1MAT 

~~RTI : ~ : I IT] I : ~ : II : ~ :1 IT] 
A15· A12 A11· A10 A9· A6 AS· A2 A1· AO 
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P W EMS PAGE 
PFA=OO PFA::Ol PFA=10 PFA=l1 

0000 11 DOOOQ-D3FFF D4000-D7FFF DSOOO-DBFFF DCOOO-DFFFF 
0000 10 CCOOO-CFFFF DOOOO-D3FFF D4000-D7FFF DSOOO-DBFFF 
0000 01 CSOOO-CBFFF CCOOO-CFFFF DOOOO-D3FFF D4000-D7FFF 

... ~ ........ 9.Q ......... ~~.~.~~ .............. ~~.~.:~.~~ .............. ~~~::~~ .............. ~P.2.~ ..................... . 
1001 11 9COOO-9FFFF 624K TO 640K. 
1001 10 9S000-9BFFF 60SK TO 624K. 
1001 01 94000-97FFF 592K TO 6OSK. 
1001 00 9CXXX>-93FFF 576K TO 592K. ................................................................................................................................................................................................................................. 
1000 11 SCOOO-8FFFF 560K TO 576K. 
1000 10 8S000-SBFFF 544K TO 560K 
1000 01 84000-S7FFF 528K TO 544K. 
1000 00 SCXXX>-83FFF 512K TO 52SK . ................................................................................................................................................................................................................................. 
0111 11 7COOO-7FFFF 496K TO 512K. 
0111 10 7S000-7BFFF 480KTO 496K. 
0111 01 74000-77FFF 464K TO 480K. 
0111 00 7CXXX>-73FFF 448K TO 464K • ................................................................................................................................................................................................................................. 
0110 11 6COOO-6FFFF 432K TO 448K. 
0110 10 68000-6BFFF 416K TO 432K. 
0110 01 64000-67FFF 400K TO 416K. 
0110 00 60000-63FFF 384K TO 400K . ................................................................................................................................................................................................................................. 
0101 11 5COOO-SFFFF 36SK TO 384K 
0101 10 58000-5BFFF 352K TO 368K. 
0101 01 54000-57FFF 336K TO 352K. 

, .. Q~.Q.~ ......... QQ .......... ?~~.?.~.~ ............... }~Q~.T.Q}.:?.~: ............................................................................................................ .. 
0100 11 4COOO-4FFFF 304K TO 320K. 
0100 10 48000-4BFFF 288K TO 304K. 
0100 01 44000-47FFF 272K TO 2S8K. 
0100 00 4CXXX>-43FFF 256K TO 272K .. ................................................................................................................................................................................................................................. 
0011 11 3COOO-3FFFF 240K TO 256K. 
0011 10 38000-3BFFF 224K TO 240K. 
0100 01 34000-37FFF 20SK TO 224K. 
0011 00 3CXXX>-33FFF 192K TO 208K. ................................................................................................................................................................................................................................. 
0010 11 2COOO-2FFFF 176K TO 192K. 
0010 10 28000-2BFFF 160K TO 176K. 
0010 01 24000-27FFF 144K TO 160K 
0010 00 2CXXX>-23FFF 128K TO 144K. 

Table5.8 EMS PAGE REGISTER INFORMATION 
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5.~ Test Mode 

All output pins will become tristated if YMEMR- and YMEMW- are active simultaneously 
while MR- is active. The outputs will remain tristated if MR- is brought inactive while YME:MR­
and YMEMW- are both active. The outputs will become active drivers again when MR- is 
brought low without both YMEMR- and YMEMW- active. This "all output tristate" mode allows 
an in-circuit board tester to drive the FE3021 output pins. 

5.9 FE3021 Pinout 

The FE3021 is packaged in a 132-pin plastic flat pack. The pins are grouped below by func­
tion, and pin numbers are given for each type of package. 

The output signal drive capability listed in the charts below are sizes for the actual I/O 
drivers and are sized for AC drive only. Refer to the DC Characteristics section for the DC output 
drive specifications. 

80286 INTERFACE 

IORDY 124 12 MA O.C. 
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DATA BUS 
_ER~1AL-!7 4 MA 1/9:;......... _____________ ..... 
,-.-El?-b.!AL.l~_ 4 MAJLQ~~ _____________ 1 

.......... gP..A.TA..t ..... }.? ................................................... 1.~ .. Y.9. .............................................................................................................. . 
EDATAO' 14 4MAI/O 

CHIP SELECTS AND CONTROL 

.......... G§.9.7 ................ A.~ ................................................... 1.~ .. QY.I ......................................................................................................... .. 
CS1- 47 4MAOUT. ________ . _____ . .; 

I:.~]l~=~~=: .... ~~· .. · ........ ·==== .. · ...... · .. :·~~~~~::~.::= ........................ ::=~== ........................... :=~= 
1 .......... 2~i04i~ .... · .... ~·~· ........ · .............. · .. · ........ · .... · ...... · .. :·~.gijf ........... : ............................................................................. · ...... · .... · .. · .. 1 

F·~~@~~;~ ...... t~ .......... : .... ;· .. ~ .... · .. =: .. · .. · .. · ........ t~·g~~ ............................................................................................ = 
II::.~~IT~; 2,f~'~~ i.MAQii±~'~ -_.--: . ~--=-~_,_,' 

.... ~=~~~~T.~~:3§ .......... =:.::~~=~· ...... · ............. ~:[J.i:~::=~=: ........... ~==~:=.~~~:=~=:==:~.~:= .............. ~ I .......... ~~ ...... }~ ...... · ............ · ........ · .......... · .... · ...... ~·~~ .... · .... · ...................................................................... ,' ........................ '1 
F ...... ~g~~· .......... t; .......... · .... ·= .................... · ........ t~tg .. · ............................................................................ = .................. . 
......... lQ~~ ......... : ....... ~ ................................................ ~ .... }.f..MA.Y9. ............................... : ........................................................................... .. 

IOW- 9 12MAI/O 
MEMORY ADDRESS MUX 

RA9 41 4MAOUT 
................................................... u ........ u .................................................................................................................................................................. . 

RA8 39 '. 4MAOUT 
r~W-~-y--. ~'y-'---------~~J.I __ ~RALM~~_~~hL-~_ 4 MbJ?v¥1'~~ _~ ___ . __ y 

RAO 30 4 MAOUT I .......... Wi~ ............. ll ................................................... ~~Y.I .......................................................................................................... . 
r-WTAP2:·MNN._N26'-~~~~----M~m·.rnmowNh'~~'WMN_~~ -:-_' ___ ~ __ 'oW'_] 
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I ATBUS 

GROUND POWER 
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MEMORY CONTROL 

!~~J~A§.Q~~1f~~,_~~ 12 ~,,9.JD'_y_ ~,~~~_.~'''''_ 

1""o-RA§'J.;:.'.'~w~,J.t2~wo,~~~~-.!2 MA Q!:ITwuo .. _____ w".w.. __ w..·o,,,"W.'~· . 
......... ~.~:?::: ........... )~.Q ................................................ J:?:.¥.A.9Y.I ......................................................................................................... . 

CAS3H- 7 12 MA OUT .................................................................................................................................................................................................................................. 
REFR- 18 TIL INPUT 

CSPROM- 43 4 MA OUT .................................................................................................................................................................................................................................. 
ONBD- 57 4 MA OUT 

5.10 DC Operating Characteristics 

Ta =0·to70·C Vcc=SV=/-.2SV 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

... ~ ................. ~.Y.T.~9..Yf.Y.Q!::!..~qg ............................................. :~ .................. y ...................................................................... . 
ICC SUPPLYCURRENT 50 rnA ALL OUTPUTS OPEN, 

INPUTS AT 2.0Y. 
CLKOUT=SYSCLK= 
16 MHZ 
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;. - FOR OUTPUTS YIOR-, YIOW-, RA9-RAO, ONBD-, LOMEG-, A23-AO, CSF, CSO-, CS1-, CS2-, 
CS3-, CSB042-, CS287-, CSNMI-, CSPTB-, RASO-, RASl-, RAS2-, RAS3-, CASOL-, CASIL-, CAS2L-, 
CAS3L-, CASOH-, CASIH-, CAS2H-, CAS3H-, CSPROM-, SELDAT-, AND EDAT A3-EDAT AO 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

_.yQg .............. .9..~P.I .. ~9.!.!y9.~!~9.§ ............... f.:.~ ...................................... y ................ }QY.r.:=.7.!.~ ........................ . 
VOL OUTPUT LOW VOLTAGE . 4 v IOUT=lmA 

FOR OUTPUTS ADDR19-ADDRO, LA23-LA17, IOR-, IOW-

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

. VOH - OUTPUT HIGH VOLTAGE 2.4 V IOUT=-12mA , ................................................................................................................................................................................................................................ . 
VOL OUTPUT LOW VOLTAGE .4 V IOUT=12mA 

FOR TRI-STATE OUTPUT - IORDY 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL OUTPUT LOW VOLTAGE .4 V IOUT=12mA 

5.11 AC Timing Characteristics 

load capacitance = 50 pF for outputs: CSF, CSO-, CSl-, CS2-, CS3-, CS8042-, _ 
CS287-, CSNMI-, CSPTB-, SELDAT-, RAQ-RA9, ONBD-, LOMEG-

load capacitance = 100 pF for output: IORDY, A19-AO, EDAT A3-EDATAO 

load capacitance = 200 pF for outputs: RASO-, RASl-, RAS2-, RAS3-, CASOL-, 
CASIL-, CAS2L-, CAS3L-, CASOH-, CASIH-, CAS2H-, CAS3H-, 
LAl7, ADDR19-ADDRO, IOR-, IOW-

5.12 Clock Timing 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

T1 CPUCLK CYCLE 2S NS .................................................................................................................................................................................................................................. 
T2 CPUCLK HIGH PULSE WIDTH 11 NS 

[n·····················CPUCiK·~OW·PULSE"WIDrn······ii·······································NS··········· .......... =:_ .... _ ..... _ .... _ .... _ .... _ ..... _ .... _ .... _."1 

1···I~ .................... §.9.7.!~}::.§.§~.!Q .. ~y~~ ............ ~ .......................................... ~~ ..................................................................... . 17 SO-,SO- HOLD FROM CPUCLK 10 NS rTS·····················MlO·SEYUP·TO·CPUCLK··················10································ .. ······NS···· ................................................................. . 
119 MIO miD FROM CPUCLK -----10 NS -
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Iif-· ---- t 1 

CPUCLK I 
80 - 81 " / 

t6 t7 
MIO 

t8 --+ill~. - t 9 

Figure 5.2 CLOCK TIMING 

'. 
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SYMBOL CHARACTERISTICS MIN MAX UNITS 

T1l ADSTB PULSE WIDTH 32 NS .................................................................................................................................................................................................................................. 
... :r.J7 .................. AP.p..~§..§.gM.I.Q .. AP.§.~ .............................. }.Q ........................................ ~.~ ............................................... . 

T14A ADSTB TO OUTPUTS mlS·. ONBD·. 
eSPROM·. RASa·. RAS I·. RAS2·. RAS3· • 

35 

............................. 9.A~.Q~.:LT.Q .. g.A§.~.~!.9.A.§..Q;Ii::.IQ.g.A§.2.~ ...................................................................................................... . 
T14B . ADSTB TO OUTPUTS eso·. esPTB·. 45 NS 

eS2·. eS3·. eSF. eS287·. eSNMI •• 

............................. 9.~J.:, .. ~~.§.~.~:: .................................................................................................................................................................... . 

... ,.:r..!..t.w~ .. , ... , .. JQ~QX. .. fg.QM.AP.§m~~_.~.,.~.'Vh"w.w""~v.w.,~""~"~.,._~?,,,~,_N~ .. ,._,,Yo"''''''Yo'_v,''_'''''v,,,v,,,,,''~' 
T16 IORDY FROM CPUCLK 35 NS 

so - S1, 
Mia ~~----~t---------t18 l<- t 11 -. t19 

ADSTB v \ / 

j t12 4-
-0 t 13 t 

ADOR 
, 

CS OUTPUTS ~ 

t 14A --. io--- t 14A --t io---

CS OUTPUTS v-

t 14B --i l<- t 14B --t l<-

IOROY ) 

t 15--i I<-- ----t t16 10--

Figure 5.3 CLOCK TIMING 
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5.13 Register Read and Write Timing 
SYMBOL CHARACTERISTIC MIN . MAX UNITS CONDITIONS 

TIO DATA VALID FROM REGISTERS 

............................. gg: .. ~:r.MT. ................................................. J.~Q ..................................... N~ ................ ~~ ........................ . 
TIl DATA HOLD FROM REGISTERS 

............................. gg:.~ ....................................................... 9. .................... ~9. ................. N~ ................ ~~ ........................ . 
1'24 DATASETUPTOMEMW- REGISTERS 

............................. Q~}Qw.::.g@. ......................................... }.~Q ..................................... ~~ ................ ~~p. ........................ . 
TIS DATAHOLDFROMMEMW- REGISTERS 

............................. Q~}Qw.~ .. g@. ................................................................ }.~ ................. N~ ................ ~~.:q ........................ . 
TI6 IOR- TO SELDAT- 35 NS 

MEMR J 1211 t 20 r r-
03 - 00 ex ) 

IOWorMEMW \ 
r-124 ~ 125 , 

r-
03 - 00 ex ) 

=l =4 lOR t t26 tt26 , -SELOAT 

11 

Figure 5.4 REGISTER RIW TIMING DIAGRAM 
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FE3031 AT DATA BUFFER 

'6.0 Introduction 
This section describes the pinouts, signals, timing and electrical specifications of the FE3031 

AT Data Buffer Ie. The FE3031 contains all of the data buffers necessary to implement an AT com­
: patible computer. It is part of the FE3600 AT Core Logic chip set for 16MHz 80286 based AT com-
. puters. A block diagram of the FE3031 is shown in Figure 6.1. . 

6.1 Features 

• 100 Pin PLCC 

• PC/AT Data Bus Buffers 

• Peripheral Data Bus Buffer 

• Memory Data Bus Buffers 

• Parity Generator/Checker 

• 1.25 Micron CMOS Technology 

'. 

FE3600 . 6.1 
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Section 6 FE3031 AT Data Buffer Ie 
~.'.< . .' 

DATA (0:7) 

o (O:7) 
646 

245 245 
EOATA (O:7) 

-

0(8:15) 
245 DATA (8:15) 

, 

.. 

- 646 
MOATA (0:7) 

. 

, PARITY OUTPUTS 
PARITY 
INPUTS 280 

PARITY ERROR 

- 646 MOATA (8:15) 

NMEMR 

NYMEMR 
245 NMEMW 

NYMEMW 

Figure 6.1 FE3031 FUNCTIONAL BLOCK DIAGRAM 
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Hj, 21, 31, 41, 
70,78,89,99 

1 
2 
3 
4 
6 
7 
8 
9 
11 
12 
13 
14 
16 
17 
18 
19 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

57 
59 
58 

76 
77 

55 
56 

5, 15, 26, 36, 60, 
65,74,83,94 

Section 6 

22 
23 
24 
25 
27 
28 
29 
30 
32 
33 
34 
35 
37 
38 
39 
40 
80 
81 
82 
84 
85 
86 
87 
88 
90 
91 
92 
93 
95 
96 
97 
98 
61 
62 
63 
64 
66 
67 
68 
69 
75 

~~~~1;rAW@::::'::; 73 iJc 72 
71 
79 
20 
100 

Figure 6.2 FE3031 PIN ASSIGNMENTS AND LOCATIONS 
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6.2 Signal Descriptions 

PIN# SIGNAL TYPE DESCRIPTION 
1-4 
6-9 
11-14 

D(O:l5) I/O 80286 Local Data Bus 

......... J§:J~ .......................................................................................................................................................................................................... . 
5,15 VSS Ground 
26,36 
60,65 
74,83 

.......... ~1 ................................................................................................................................................................................................................. . 
10,21 VDD +5V VDD 
31,41 VDD 
70,78 VDD 

......... ~~.!~2. ............... Y.P.p. ................................................................................................................................................................................ . 
.......... 7.Q ...................... ~bQ ........................................... Q .................................................... ~~.!>.xt:~.p.~J:Y. .. 1?~.t~g .. ~~.Q~ .. .. 

22-25 DATA I/O PC/AT Data Bus 
27-30 (0:15) 
32-35 

......... 2.1::19 .......................................................................................................................................................................................................... . 
42 DTR I . Data direction for DATA buffers 

.......,.,..,..~ .--... -
43 NPENO I Low byte data enable to 

.................................................................................................................................................... J?AT.A.!>.w.f.~~ ............................................ . 
44 NDEN1 I High byte data enable to 

..................................................................................................................................................... QAT.A.!>.w.f.~~ ............................................ . 
45 ADRO '- I Address bit 0 for MDAT A 

......................................................................... : ........................................................................... p.~~~.~Q.!>~.~:w.~p. ............................ .. 
46 SCYCLE I Latch low byte during 

..................................................................................................................................................... p.~ .. ~.Y.-;!!-p..!.~ ............................................ . 
......... ~7. ..................... N~.P..gN ...................................... I ...................................................... ~Y.!!?.~~.~.P .. ~~ .. 1?~~ .. ~~.~.~!? ............. . 

48 SDTR I Byte swap data direction 
..................................................................................................................................................... ~.~~?P..!?~Kf.~f ............................................ . 

49 ACK I DMA Acknowledge signal 
........................................................... : ..................................................................... : ................... ~.~!? .. ~!.A!. .. ~~~ ...................................... . 
.......... ~.Q ...................... N.§gbP..AIA ............................ J ...................................................... @.AT.A.!?~.~ .. ~~.~1?!~ .................................. . 
.......... ?.~ ...................... ~~·:r-:\ ........................................ ~ ...................................................... ~.~~~.~~~.<?~~~s.~ ............................ . 
......... ?~ ...................... N@.gg .................................... J .......................................... : ............ ~g.~.p.y..~~.~~1?).~..f9.~.~~:r.~.p.~.~ .. .. 
.......... ~.~ ...................... ~.Y..f.QJ~ ................................. J ...................................................... Q~.~~!~.~.~r.~~.:w.~.~~)9.~ .................... .. 

54 ND~:§. I Latch MDATA _bus during.a read 

......... :?? ...................... ~~9. ............................................... ~ ....................................................... ~.Y.-: .. 1?y.~.P.~!Y..!?!~.~~.Q~ .... . 
_ ......... ?§ ...................... p.m ................................................ ~ ..................................................... Jp.g~ .. !>y.~.p.~!Y. .. 1?~~.gQ~ .. P.R~ .... . 

57 NONBRD16 I NONBRD indicates a local 
DRAM operation 

Table 6.1 FE3031 SIGNAL DESCRIPTIONS 
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PIN SIGNAL TYPE DESCRIPTION 
58 NLOWMEG I NLOWMEG indicates access 

..................................................................................................................................................... 9.fJ9.~.~.9.f..m~!.I}9.ry ........................... .. 
59 NMASTER I Master on PC bus has control 

of the bus ................................................................................................................................................................................................................................. 
61-64 EDATA I/O Peripheral Data Bus forFE3001, 

FE301O,RTC 

......... ~.:§.? ................ <9.:Z) ....................................................................................................... ~.~ .. ~~.y.~.~.~g!.l.~~.~.«::£ ........................ . 

........ ..7..L .................... ~.~~~ ................................. .9 .................................................... ~~J.~.M.~~9.ry .. ~~.g .. ~ .. R9..p.~.~ . 
........ .:?~ ..................... N~.~.MW ................................ .9 ..................................................... h9.?{ .. L~ .. M.~m9IT..W.rt~.~.:r.G.J?~ .. 

1._,,,31 __ ,~~~_~gg,_. _____ ~_!lQ___ Memory,~~g . .!9LEr..9}!lATlm.LN,~_. 

I·.·.·.·~.·~.·.·~j~~.·.·.·.·.·.·.·~.·.·.·~.·.·.·.·.·.· ...... ~~ .................................................................. t.§~ ............ ~ ................ ~~ .......................................................... ~~.~~~.~g .. ~ ... :.:.~~ .. t-l~~i..~~ .............. ~ .... . 
1 .. W~NIL~~~.~JiY~.MY!,w.,~"' __ , __ ~I!O ___ ~_y,, __ Me~C?!.Y wr!~ ... t.9.Lg9..P FE,~QQL.'_~.I 
......... .72. ...................... R;.~.Q.~ .................................... 9 .................................................... ~.p.~.~ .. ~~~f ...................................... . 

80-82 MDATA I/O Memory Data bus 
84-88 (0:15) 
90-93 
95-98 ............................................................................................................................................................................................ " .................................. . 
100 PORI o High byte parity bit to the DRAMs 

Table 6.1 FE3031 SIGNAL DESCRIPTIONS (CONT.) 

6.3 Absolute Maximum Ratings 

. Ambient Temperature (operating) = 
Storage Temperature = . , 
Voltage on any pin to ground = 
Power Dissipation = 

6.4 DC Characteristics 

SYMBOL PARAMETER 

O·to + 70'C 
-40· to +125'C . 
+7V 
400mW 

:MIN MAX UNIT TEST CONDITION 

......... yJ:1 ................... ~P~~.!:Qw. .. y.9.~~g~ .......................................... .Q:.? ...................... y ...................... ; ................................................ . 

. ____ ygLw,,~ ____ ~p!:!!JP..QH y"-!~ge_T~~....2Q~" '. y V ~ __ ~~_._,.w. __ .w~_.,_ .. . 

L::J6~:::&~j~~~~;~~~r::::::~~::~:y~~,;.ily.: 
.. ~~~_~~._l:-.Qy! yg~.!E~;,~~,~!2 ______ 1~ mAO VQJ.,..:,.Q~1l_ .. _._,_,~_ .. 
....... J9.R .................... tf!9.t!;.y.Q~.~.~~.~!:l!:':~n! ................................. ~~.~ ..................... ~ ........... yQft:::}:~.Y .............................. . 

Voo Supply Voltage (Any Voo) 4.75 5.25 V 

Notes: 
1. Output currents are for 0(0:15), EOATA(O:7), NYMEMR, NYMEMW, PERROR 
2. Output currents are for OAT A(0:15), MDAT A(0:15), NMEMR, NMEMW, NSMEMR, 
NSMEMW, POLO, PHI 
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;i :-

6.5. AC Characteristics 
SIGNAL PATH .. PROP DLY(MAX)l UNIT 

D(O:7)from DATA (0:7) 22 ns 
MDATA (0:7) 20 ns 
ADRO 30 ns 
NBUFDIS 30 ns 
NONBRD16 30 ns 
NYMEMR 30 ns 
NDENO 30 ns 
DATA (8:15) 40 ns 

.............................................. ~P.~I~.(Q.:.7.2 .............................................. ~Q ................................. ~.~ .............................................................. . 
D(8:15) from DATA (8:15) 22 ns 

MDATA(8:15) 20 ns 
NABl-IE 30 ns 
NBUFDIS 30 ns 
NONBRD16 30 ns 
NYMEMR 30 ns 
NDENI 30. ns 
DATA (0:7) 40 ns 

........................ : .................... ~P.~I~.(Q.:.7.2 .............................................. ~9 ................................. ~ .............................................................. . 
DATA (0:7) from D(O:7) . 22 ns 

D(8:15) 40 ns 
DATA(8:15) 22· ns 
EDATA(0:7) 22 ns 
NSDEN 30 ns 
NDENO 30 ns 
NINTA' 30 ns 

.............................................. ~.~g!::P..AIA ............................................... }Q ................................ !l:l! ............................................................. . 
DATA (8:15) from D (8:15) 22 ns 

DATA (0:7) 22 ns 
: _____ -.:.ND~ENI 30 ns 

EDATA (0:7) from DATA(O:7) 36 ns 
D(O:7) 36 ns 
D (8:15) 36 ns 
NINTA 40 ns 

.............................................. N.~g.~P..AIA ................................................ 1Q ................................ !l:l! .......................................... : .................. . 
DATA(8:15) from D(8:15) 22 ns 

D(8:15) 36 ns 
NINTA 40 ns 

.............................................. N~.g~P.~T.~ ............................................... ~Q ................................ ~ .............................................................. . 
NYMEMW from NMEMW 33 ns 

.............................................. NMA.~m~ .................................................. ~Q ................................ ~~ .............................................................. . 
NYMEMR from NMEMR 33 ns 

NMAS1ER 40 ns 

Table 6.2 AC CHARACTERISTICS 
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SIGNAL PATH PROPDLY(MAX}t UNIT 
NMEMW from NYMEMW 20 ns 

~~ 30. ns 
.............................. : ............. )~:l:Q~.:gpJ.~ ............................................... ).9 ................................. ~ ........................................ : .. : ................. . 

NME:MR from NYMEMW 20 ns 
~S~ 30 ns 
NONBRD16 30 .. ns 

........ 60 •••••••••••••••••••••••••••••• 60 ....................................................................................................................................................................................... . 

NSMEMW from NYMEMW 20 ns 
~~ 30 . ns 

.............................................. N9.N1?gpJ§. ................................................ ~Q .......................................... ~~ ................................................... . 
NSME:MR from NYMEMW 20 ns 

~~ 30 ns 
1 __________ ~N~O=NBRDI6 3~0. ______ ~ __ ~n~s _____________ i 

PERROR from MDATA(O:I5) 40 ns 
PLO 40 ns 
PIll 40 ns 
ADRO 40 ns 

.............................................. N~.!:!? ......................................................... 4Q .......................................... ~~ .................. ; ................................ . 
POLO from D(O:1). 35 ns 
porn from D(8:15) - 35 ns 

Table 6.2 AC CHARACTERISTICS (CONT.) 

Notes: 1. Prop delays are for 75pf load. Add 8nS for 200pf load. 

'. 
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6.6 PC/AT Data Bus Cycles 

This description of the data bus cycles of the FE3600 PCI AT expansion bus includes CPU, 
... DMA, and MASTER cycles. The data portion of the PCI AT expansion bus is a 16 bit wide bus 
divided into two bytes. In general, the low byte (DATA[O:7]) is accessed during cycles in which 

: the address is even. The high byte (DATA[8:15]) is accessed when the address is odd. During 16 
: bit operations, both low and high bytes are accessed. There are several combinations of byte 
. wide, word wide, even and odd addressing. Each of these combinations present a unique pattern 
. of bus buffer enables and directions. These data buffer control states are described in this docu-
ment. 

NOTES: 

6.8 

"::: . 

It Eight bit devices on the PC/AT bus ar.e always on the low byte (DATA[O:7J) of the expan­
sion bus regardless of address. Sixteen bit devices use ADRO and NEBHE to distinguish 
between high and low byte transfers. 

It In previous designs, the data buffers on the PC/AT were inactive during DMA. This was 
due to the on board DRAM being on the system bus. Now that the DRAM is on the 286 
local bus the data buffers must be enabled and directed during DMA operations. 

It A block diagram of the data bus hardware on the PC/AT board is shown in Figure 6.4. It 
represents the equivalent 74LSXXX circuitry for the data buffers cantained on the board. 
Signals used in this document are discussed in Table 6.4. 

80286 646 

, 

D (0:7) A < B 
DATA (0:7) 

> 

SCYCLE • CBA CAB LOW 
DTR • DIR 

245 
ADRO· SBA SAB LOW 

NDENO· NEN 
NSDEN· NEN 
SDTR· DIR 

- B <>A 

D(8:15) 245 

NDEN1- NEN 
DTR • DIR 

A < > B DATA (8:15) 

Figure 6.3 PC/AT DATA BUS ARCHITECTURE 
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'646 
NENNDENO DIRDTR CBASCYCLE SBAADRO OPERATION 

x· X 1\ X LATCHBDATA .................. _ ........................ _ ............. _ .. _ ... -_ .... _--_ .... _ ..... _ ... __ ................................................................................................................... . 
........... Q .......................... __ ......... Q ..... _ ... _ .... ~ ......... _ .... __ ............... Q .......................... ~.~:::.::::.~ .. (@.&..]];'M.g1. .......... . 

o 0 X 1 A <-----B(LATCHED DATA' 

......... .9 ........................................... ! .......... _ ..... _ ..... ! ........................................... ~ ......................... ~.:.:.::::.:?:~ .. @g~.~>. ........... . 
1 X X' X BUFFERS DISABLED 

'245 
DIR OPERATION 

o A <---------- B 
1 A ----------> B 

COMMAND SIGNALS DEFINITIONS 

.......... ~Q, .. ~J. ........................... : ........................ : ................................... ~.p..~ .. gXgg,.~.:r.~IQ~ .. f.RQM..~§. ...................................... . 
_NMli~ SYSTE_M MEM0R.Y READ __ ~_.~. ____ t I ......... ~.~ ................................................................................. ~.y..~!.E:~ .. ~.¥.Q~:x.~ ................................................ .. ......... ~g~ ....................................................................................... ~~~~~.~g.~ ................................................................. .. 
I·~ ....... ~~= ................................................................................... ~~~.~~9.~~.~.9.~.~.~.§.~;g.g ............. ~ .... ~ .... . 

AO ADDRESS BIT 0 FROM 286 
............................. u ••••• ~ ............................................................................................................................................................................................ . 

NBHE BUS IDGH ENABLE FROM 286 .. ···'···HLDA······· .. ·· ........ ··· .. · .. ········ .. ·· .. · .. · .. · .... ·· .. ·~:··· .............. · .. · .. · .... HOLD"ACKNOWLEOOE·FROM·286·· .. ····· .. ······· ............. . 
..................................................................................... u ........................................................................................................................................ . 

......... ~p.~~ ..................................................................................... p.M.A. .. g.Q~p. .. ~~.~Q~gpg.:g.~.Q¥. ........................... . 
............................................................................................................... P..MA.£Q~Q.b~g ................................................................ . 
~RQM§by BIO~_PE~9D~~~OMJ~1E¥QgXllQJ?ECODEg_. 

t:::~:::~cij~:::::=·::::::~:::::::·=-~::::::·=·::::=~=::::::!!!~g~tg~~~::::::::::.::~== 
......... ~M.g~.~.~ .......................................................................... }.§..~g.~¥.9.gX.P.:gY.1.~g.P.g~9..P.~ .. ~QM. .............. . 
................................................................................................................ :g~~§.~9.~L~Y.~ ........................................................................ . 

NMASTER . BUS CONTROL SIGNAL FROM BUS MASTER 
CONTROL SIGNALS DEFINITIONS 

.......... !?m ............................................................................................ !?~I.~.1:R~.§.~~~.:g~yg .............................................. . 
NDENO LOW BY1E DATA ENABLE y~, ____ • __ .... ____ .. w_ .. y __ ~ ___ _ 

......... ~:g~~ ..................................................................................... ~9..g .. ~~.P.AI~.~A~~.:g .............................................. .. 
.......... ~.§P.~N ..................................................................................... ~Y.I§ .. ~.w..~.~.~.g.~!.?J?~.:g ........................................ . 
.......... ~£¥..~ .................................................................................. w.w. .. ~rrg.P.~T.A.!:~T.9..~ .................................................... . 
.......... ~p.~ ........................................................................................ ~XT:§.~~~.~~ .. ~~.~~:~Z~gfg~ .......... .. 

ADRO SYSTEM ADDRESS BIT 0 

Table 6.3 SIGNAL DEFINITIONS 
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6.7. CPU Cycles 
:" ."" The following cycles represent data cycles ~der CPU control for all deVices excluding the on 
boird DRAM and the 80287 Math Co-Processor. Since the 80287 and on board DRAM are on the 
loCal bus, the data bus drivers for the expansion bus will be disabled. This is accomplished by set-

" ting NDENO, NDEN1 and NSDEN = 1 when NONBRD + /MNIO = 0 or NNPCS = O. Note that 
on board I/O is indicated by NONBRD + MNIO = O. On board I/O devices are on the system bus. 

The following cycles are described in this section. 
" . 6.7.116 bit transfer, read from 16 bit device 

6.7.2 16 bit transfer, write to 16 bit device 
6.7.3 16 bit transfer, read from 8 bit device 
6.7.4 16 bit transfer, write to 8 bit device 
6.7.5 8 bit transfer, low byte read from 8 or 16 bit device 
6.7.68 bit transfer, low byte write to 8 or 16 bit device 
6.7.78 bit transfer, high byte read from 8 bit device 
6.7.8 8 bit transfer, high byte write to 8 bit device 
6.7.9 8 bit transfer, high byte read from 16 bit device 
6.7.108 bit transfer, high byte write to 16 bit device 

For all CPU cycles HLDA=O and NINT A";1. In the following tables, NCS16 indicates that 
there is a 16 bit device on the expansion bus. The boolean equation for NCS16 is: . 

NCS16 = NPROMCS .. (NIOCS16 + MNIO) .. (NMEMCS16 + IMNIO) 
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6.7.116 bit read from 16 bit device 

80286 
& DRAM 646 

D (0:7) A < B 
DATA (0:7) 

245 

- B . A 

D (8:15) 245 

A < B 
DATA ( ~:15) 

INPUT SIGNALS STATE 

.......... §J ................................................................................................ .9 .............................................................................................................. . 
SO 1 . ................................................................................................................................................................................................................................. 

.......... A..Q ................................................................•.............................. .9 .............................................................................................................. . 
NBHE 0 ................................................................................................................................................................................................................................. 
NCS16 0 

CONTROL SIGNALS STATE 
om 0 

................................................................................................................................ u .............................................................................................. . 

....... J::l:p.:g~.Q .................................................................................... 9 ............................................................................................................. . 
NDENI 0 ................................................................................................................................................................................................................................ 
NSOEN 1 ................................................................................................................................................................................................................................. 

......... §.~X~.~ .................................................................................. ~ ............................................................................................................ . 
~om_~ x 

ADRO 0 
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6.7.216 bit write to 16 bit device 

80286 646 

D (0:7) A 
DATA (0:7) 

> B 

245 

r-- B - A 

D (8:15) 245 

A B 
DATA (8:15) 

> 

'. 

INPUT SIGNALS STATE 
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6.7.316 bit read from 8 bit device 

• FIRST CYCLE • LATCH LOW BYTE 

80286 646 
. 

D (0:7) A B 
DATA ( 0:7) 

245 

r---- B . A 

D (8:15) 245 

A B 
DATA (8:15) . 

'. 

INPUT SIGNALS STATE 
Sl 0 ................................................................................................................................................................................................................................. 
~ 1 r··· .. ··AO··········································· .. ···· .. · .. ··················· .... ···················0······· ....................................................................................................... . 

I ~~ O. r·······Ncs·i6······· .. ················· .. ·············· ............................................. }" ............................................................ , ................................................. . 

CONTROL SIGNALS STATE 
om x ....................................................................................................................................................................................... ~ ........................................ . 
NDENO x~ _____ · __________ . _________ __ 
NDENI X ................................................................. .-........................................................................................................ .-.......•............................................. 
NSOEN 1 ................................................................................................................................................................................................................................. 

.......... §.Gy.~ .................................................................................. ~ ............................................................................................................... . 
som x .................................................................................................................................................................................................................................. 
ADRO 0 
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.. Second cycle - Enable latched low byte to 286 low byte and enable bus low byte to 286 

high byte. 

80286 646 

D ( 0:7) A < B 
DATA (0:7) 

245 

- B - A 

o (8:15) 245 

A B 
DATA (8:15) -

INPUT SIGNALS STATE 

CONTROL SIGNALS STATE 

......... P..lli ............................................................................................ Q .............................................................................................................. . 

1=·===::::~::1~:::~:::~:~:':'=:=:' SCYCLE X* 

F~=~~~~:~~:~~:::==~== .......................................... i .................. ~ .............................................. ~=====: 
.. SCYCLE must not change from low to high during the cycle. 
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t.t..'~::'.'···· •. , .... 

6.7.416 bit write to 8 bit device. 
. " ..... ~ '.., .. ".' '0;-. ' . 

. INPUT SIGNALS .. " . ......... .. STATE'" ., .... .- "' .. .. 

SI 1 
so 0 '.:' ' .. : ................................................................................................................................................................................................................................. 

.......... b.9 ................................................................................................ Q ............................................................................................................. .. 
NBHE o 
NCS16 1 

• First cycle 

- 8 bit, low byte write to 8 bit device or 16 bit device 
- ADRO is driven low dUring this cycle 

- NEBHE is driven high during this cycle 

• Second cycle 

- 8 bit, high byte write to 8 bit device 
- ADRO is driven high during this cycle' 

- NEBHE is driven low during this cycle 

'. 
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6.7.5 8 bit, low byte read from 8 bit device or 16 bit device 

80286 646 

D (0:7) A < B 
DATA (0:7) 

245 

,-- B . A 

D (.8:15 ) 245 

A B 
DATA (8:15) . 

I INPUT SIGNALS STATE 
t.· S1 . 0 
r·······so··················~························· .................................................... "1 ................................ : ............................. : ............................................... : 

I.::::::::.~'fi~:.::::::::===::::::::::::;::::::::::::::::=::::::~:::::::::::::::::~::-~::::~:::::=:::::::;::::.~::::::.==:::::::::::: 
CONTROL SIGNALS STATE 

........ ..:!?IR ................................................................................... ; ........ Q ............................................................................................................... . 
1_~ND;;:.;;~O 0 

I·:::::~t~~:::::=::::::::=:=:::::=::~::::::::::=~:::::t::::::::::.:::::::::::::::::::::::::=:::::.::::::::::::=:::=::::=:::::~:::=:::: 
SDTR . X t .. ·····AI>RO············································ .. ··················· .. ·············· .. ·····0············ .................................................................................................. . 
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6.7.6 8 bit, low byte write to 8 bit device or 16 bit device 

80286 646 

o (0:7) A B 
OATA (0:7) 

> 

245 

r-- B - A 

0(8:15) 245 

A B 
OATA (8:15) 

< 

INPUT SIGNALS STATE 
.~2~1 ___ w._____ 1 . _____ . 

AO 0 .................................................................................................................................................................................................................................. 
NBHE 1 ................................................................................................................................................................................................................................. 
NCSl6 X 

CONTROL SIGNALS STATE 

... : ...... p.~ ........................................................................................... } ............................................................................................................... . 
NDENI 1 

t"lf"";-~-""~-~:--;j;~::;;;;::-~:¥-:;;;:::=.:-·-:;;::~-:;;;;;;-::;-::;::::;; 
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6.7.7 8 bit, high byte read from 8 bit device 

-
80286 646 

D (0:7) A B 
DATA (0:7) -

245 

r-- B < A 

D (8:15 ) 245 

A < B 
DATA (8:15) 

'. 

INPUT SIGNALS STATE 

.......... ~J ................................................................................................ .9 ................................................................................................................ . 
so 1 . 

C::::::AQ:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::C::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
J' ~~ 0 . 
r NCS16 1 . 

I CONTROL SIGNALS STATE 
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6.7.8 8 bit, high byte write to 8 bit device 

80286 646 

D (0:7) A B 
DATA (0:7) -

245 

- B > A 

D (8:15) 245 

A > B 
DATA (8:15) 

'. 

I-·~ir~~:~~~·--····---·---·-·······--······+~~~···-·-········· __ ····_···_·_··············_······· __ ···_1 ......................................... _ ...................................................................................................................................................................................... . 
AO 1·· 

1 ........ ·~~6 .. ·· ... ··· ................ ·· ...... ·· .. ·· ......... ··· ... ···· .......... ·· ............... ~ .......................................................................... · .... ·· ....... ·, .... · .... ·· .. :·· ..... ·1 

CONTROL SIGNALS STATE 
nm 1 .................................................................................................................................................................................................................................. 
NDENO 1 ................................................................................................................................................................................................................................. 

........ J'f:P.§NJ ...................................................................................... Q ............................................................................................................. .. 
_~L_ 0 
......... ~.gX~ .................................................................................. ~ ............................................................................................................. . 
.......... §P.IR ......................................................................................... Q ............................................................................................................. .. 

ADRO 1 
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6.7.9 8 bit, high byte read from 16 bit device 

80286 646 

D (0:7) A 8 
DATA (0:7) . 

245 

- 8 . A 

D (8:15) 245 

A 8 
DATA (8:.15) 

< 

INPUT SIGNALS STATE 

t· .. ·······}~·····:=····· .. ·· .. ······ .. ··············· ...................................................... ~ ........................................................................................ == 
. AO 1 ·········Ni3·iiE············································································· .. ········0········· .............................................................................. ~ ................... . 

NCS16 0 
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6.7.10 8 bit, high byte write to 16 bit device 

80286 646 

D (0:7) A 8 
DATA (0:7) 

< 

245 , 

~ 8 . A 

D (8:15) 245 

A > 8 
DATA (8:15) 

'. 

CONTROL SIGNALS STATE 

......... PJ.B. ........................................................................................... J ................................................................................................................ . 
_)~ID~~9~o 1 

NDENI 0 .................................................................................................................................................................................................................................. 
......... ~§.p.~ .................................................................................... J ................................................................................................................ . 
.......... §~X.~ ................................................................................... ~ .............................................................................................................. . 

SDTR X .......... ADRO ........................................................................................ ·j ............................................................................................................... . 
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6.8 DMA Cycles .'.: ~~. 

; .... The following cycles represent data cycles under DMA control for all devices. DMA may be 
. for on board DRAM (NONBRD=O) or system memory (NONBRD=1). Note that NONBRD 
'decode for on board I/O will be disabled during DMA. 

The following DMA cycles are described in this section. 

• . For on board DRAM (NONBRD = 0) 

6.8.1 8 bit DMA from even memory address to 8 bit I/O device. 
6.8.2 8 bit DMA to even memory address from 8 bit I/O device. 
6.8.3 8 bit DMA from odd memory address to 8 bit I/O device. 
6.8.48 bit DMA to odd memory address from 8 bit I/O device. 
6.85 16 bit DMA from memory to 16 bit I/O. 
6.8.6 16 bit DMA to memory from 16 bit I/O. 

• For system memory (NONBRD = 1) 

6.8.78 bit DMA from 16 bit memory, odd address to 8 bit I/O device. 
6.8.88 bit DMA to 16 bit memory, odd address from 8 bit I/O device. 

• For all other DMA cycles the data buffers ar~ d.isabled • 

6.8.9 All other DMA cycles. 

For all DMA cycles HLDA=l, mDA1=1 and NMASTER=l. 
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6.8.1 8 bit DMA transfer from even memory address to 8 bit IlO device 

DRAM 646 

D (0:7) A > B DATA (0:7) 

245 

- B - A 

D (8:15 ) 245 

A B 
DATA. (8:15) -

. 

INPUT SIGNALS STATE 
NDMAMR 0 ......... N1.ffiM\li ................................................................................ "1 .............................................................................................................. . 

............................................................ n ................................................................................................................................................................ . 

......... ~Q.R ......................................................................................... J ............................................................................................................. . 
MOW 0 
ADRO 0 ................................................................................................................................................................................................................................ 
~B~ 1 

CONTROL SIGNALS STATE 
......... !?:rR ........................................................................................... J ............................................................................................................. . 
......... ~gN9 ...................................................................................... Q ............................................................................................................. . 

NDENI 1 . .................................................................................................................................................................................................................................. 
......... ~§.QgN: .................................................................................... J ............................................................................................................. . 
~Y9dL... X _. ___ 1 

SDTR X 
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6.8.2 8 bit J?MA transfer to even memory address from 8 bit 110 device 

DRAM 646 

D (0:7) A B 
DATA (0:7) 

< 

245 

~ B . A 

0(8:15) 245 

A B 
DATA (8:15) . . 

CONTROL SIGNALS STATE 

......... p.~ ........................................................................................... 9. ............................................................................................................ .. 
NDENO 0 ................................................................................................................................................................................................................................. 
NDENI 1 
NSDEN 1 . ................................................................................................................................................................................................................................ 

.......... ~.~XG!::§ .................................................................................. ~ ............................................................................................................ . 
SDTR X 
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6.8.3 8 bit DMA transfer from odd memory address to 8 bit VO ·device 

DRAM 646 

D (0:7) A B 
DATA (0:7) -

245 

---+ B > A 

D (8:15) 245 

A > B 
DATA (8:15) 

'. 

INPUT SIGNALS STATE 
NDMAMR 0 ................................................................................................................................................................................................................................. 
NMEMW 1 ................................................................................................................................................................................................................................... 
NIOR 1 ................................................................................................................................................................................................................................. 

~O~_ 0 
ADRO 1 .................................................................................................................................................................................................................................. 
NEBHE 0 

CONTROL SIGNALS STATE 
Dm 1 ................................................................................................................................................................................................................................. 
NDENO 1 

[=····Ni)ENi"·········~····· .. · .. ························································ .... ···0················· ............................................................................................. : 

NSDEN 0 ................................................................................................................................................................................................................................. 
......... §.g.X~ .................................................................................. ~ ............................................................................................................. . 

SDm 0 
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6.8.4 8 bit DMA transfer to odd memory address from 8 bit I/O device 

DRAM 646 

D (0:7) A B 
DATA (0:7) . 

245 

I"- B < A 

D ( 8:15 ) 245 

A < B 
DATA (8:15) 

'. 

CONTROL SIGNALS STATE 
Dm 0 

......... ~.:g~.9 .................................................................................... J .............................................................................................................. . 
......... @.gNJ. .................................................................................... .9 ............................................................................................................. . 

NSDEN 0 
......... ~9..x~ .................................................................................. ~ ............................................................................................................ . 

SDm 1 
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6.8.5 16 bit DMA transfer from memory to 16 bit IJO 

DRAM 646 

o (0:7) A > B 
DATA (0:7) 

245 

r-- B - A 

0(8:15) 245 

A > B 
DATA (8:15) 

. 

INPUT SIGNALS STATE 

CONTROL SIGNALS STATE 
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6.8.6 16 bit DMA transfer to memory from 16 bit IJO 

DRAM 646 --

D (0:7) A < B 
DATA (0:7) 

245 

..-- B . A 

D ( 8:15 ) 245 

A < B . DATA (8:15) 

'. 

INPUT SIGNALS STATE 

CONTROL SIGNALS STATE 
DTR 0 ................................................................................................................................................................................................................................ 

......... ~.gN.Q ..................................................................................... 9. ............................................................................................................. . 
NDENI 0 ._ .. "', .. """,.... ...................................... _-
NSDEN 1 ................................................................................................................................................................................................................................. 
SCYCLE X ................................................................................................................................................................................................................................ 
SDTR X 
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6.8.1 8 bit DMA from 16 bit mexriory, odd address to 8 bit IJO device. 

DRAM 646 

D (0:7) A - B 
DATA (0:7) 

245 

r---+ B > A 

D (8:15) 245 

A B 
DATA (8:15) -

, 

I-~~~m .............. , ........................ r~~~ .. - ..................................................... _ ..... J 
fl __ · ...... ·..;.,·~,;;;;··· .... ·;;.;;;.~i::::::::::::::=:::::=:::::=:::·:=:=.=~=t.:::::::::::::::::::::::::.:.~:::=~=:.~==:::::::.=:::~:::::::::.::::~:::.::::::::~: 
~B~ 0 

............................................................................................. n .................................................................................................................................. . 

NMEMCS16 * 
NPROMSL o 

CONTROL SIGNALS STATE 
......... P..Jg ............................................................................................ ~ ............................................................................................................. . 

NDENO 1 
......... ~gN~ ..................................................................................... J .............................................................................................................. . 
......... N.~.P.gN ..................................................................................... 9. .............................................................................................................. . 

SCYCLE___ X 
SOTR 0 
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6.8.8 8 bit DMA to 16 bit memory, odd address hom 8 bit I/O device 

DRAM 646 

D (0:7) A . 8 DATA (0:7) 

245 

~ 8 < A 

0(8:15) 245 

A 8 
DATA (8:15) -

Dill X ................................................................................................................................................................................................................................ 
NDENO 1 ................................................................................................................................................................................................................................ 
NDENI 1 . ................................................................................................................................................................................................................................ 
NSDEN 0 .---..................... .., .............. ~ .... 

......... ~.~.y.~ .................................................................................. ~ ........................................................................................................... . 
SDTR 1 
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6.8.9 All other DMA cycles (data buffers disabled). 

DRAM 646 

D (0:7) A - B 
DATA (0:7) 

245 

r--- B - A 

0(8:15) 245' 

A - B 
.. DATA (~:15 ) .. 

. 

INPUT SIGNALS STATE 
NDMAMR ....................................................................................................................... : ....................................................................................................... . 

.......... ~!:'!!:Yf. ...............................................................................................................................................•. ; ............................................... . 
NIOR 
NIOW 

................................................................................................. n ............................................................................................................................ . 

.......... @B-.Q ......................................................................................................................................................................................................... . 
NEBHE 

CONTROL SIGNALS STATE 

l: ..... =~Rg ............. ~ ................ ; .................................................... ~ ........................................................................................................... ~: 
.......... NP.:?.N'.! ....................... : ............................................................ J ............................................................................................................. . 
......... N~P.:gN .................................................................................... .1 ............................................................................................................. . 
......... §.~.y.~~ ................................................................................... ~ ............................................................................................................ . 

SDTR X 
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6.9 Bus Master Cycles 

; ..... The following cycles represent data cycles under the control of a bus master other than the 
80286 or DMA controller. This condition is indicated by hold acknowledge active (HLDA=1) and. 
bus master asserted (NMASTER=O). It is assumed that the bus master is always a 16 bit device. 
, On board DRAM and On board I/O are distinguished by the memory or I/O read/write com-
mands. 

~ .' ,. 

• For on board DRAM 

6.9.18 bit transfer low byte read from memory 
6.9.2 8 bit transfer low byte write to memory 
6.9.3 8 bit transfer high byte read from memory 
6.9.48 bit transfer high byte write to memory 
6.95 16 bit transfer read from memory 
6.9.6 16 bit transfer write to memory 

• For system memory an,d IlO 

6.9.78 bit transfer high byte read from 8 bit. system memory or I/O 
6.9.88 bit transfer high byte write to 8 bit system memory or I/O 
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6.9.1 8 bit low byte read from memory 

DRAM 646 

D (0:7) A> B DATA (0:7) 

245 

r-- B - A 

D (8:15) 245 

A - B DATA (8:15) 

INPUT SIGNALS STATE 

......... ~~ .................................................................................. 9. ............................................................................................................ . 
NMEMW 1 
ADRO 0 ................................................................................................................................................................................................................................ 
~B~ 1 ................................................................................................................................................................................................................................ 
NCS16 1 

CONTROL SIGNALS STATE 

.......... p.1:R ........................................................................................... .1 ............................................................................................................. . 
NDENO 0 

SDTR X 
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6.9.2 8 bit low byte write to memory 

DRAM 646 

D (0:7) A < 8 
DATA (0:7) 

245 

,--- 8 . A 

D ( 8:15 ) 245 

A . 8 
DATA (8:15) 

, 

NCS16 1 

CONTROL SIGNALS STATE 

,~,~J:?_IS_-..~~_____ 0 
.......... ~g~Q ........................................... : ....................................... 9.: ............................................................... """".""""""" ... " ... "" .. "."" . 
......... @.~N'} .................................................................................... ) ............................................................................................................. . 

NSDEN 1 
SCYCLE X 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• u ................................................................................ ,. 

SDTR X 
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6.9.3 8 bit high byte read from memory 

DRAM 646 

o (0:7) A . 8 OATA (0:7) 

245 

- 8 . A 

0(8:15) 245 

·A > 8 
OATA (8:15) 

CONTROL SIGNALS STATE 
Dm 1 

.---------------------------~-------------------------~ NDENO 1 

...................................................... u ...................................................... n ............................................................................................................... . 

NDENI . 0 ............................................................................................................................................................................................................................... 
.......... ~.§p.~ .................................................................................... .1 ............................................................................................................ . 

SCYCLE X ................................................................................................................................................................................................................................ 
SDm X 
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6.9.4 8 bit high byte write to memory 

DRAM 646 

D (0:7) A . 8 DATA (0:7) 

245 

r--- B . A 

D (8:15) 245 

A< 8 
. DATA(8:15). 

'. 

INPUT SIGNALS STATE 
NMEMR 1 ................................................................................................................................................................................................................................ 
NMEMW 0 ................................................................................................................................................................................................................................ 
ADRO 1 · ........ ·NEBIm .......................... · ............ · ........ · .............. · .................... ·0 ............ · .............................. ·· ............ · .......................... · ...... · ................ .. 

........ ·NC·S'16 .......................... · ...... · .................................................... i ...................... · ............ · .................. · .................................. ·:· .................. . 

I CONTROL SIGNALS STATE 
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6.9.5 16 bit read from memory 

DRAM 646 

o (0:7) A > B DATA (0:7) 

245 

.---- B - A 

0(8:15) 245 

A B 
DATA (8:15) 

> 

'. 

INPUT SIGNALS STATE 
NMEMR 0 ................................................................................................................................................................................................................................ 
NMEMW 1 I·········ADRO···································· .. ········ .. ········· .. ·····························0········· ................................................................................................... . 

~B~ 0 ................................................................................................................................................................................................................................ 
NCS16 1 . 

CONTROL SIGNALS STATE 
,.--!2.13- 1 
......... ~g~Q .................................................................................... .9 ............................................................................................................ . 
......... NP.:eN~ ..................................................................................... 9. ........................................................................................................... . 

NSDEN 1 "--, 
SCYCLE X ................................................................................................................................................................................................................................ 
SDTR X 
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mOS1 AT Data B-ilier Ie 

6.9.6 16 bit write to memory 

DRAM 646 

D (0:7) A < 8 
DATA (0:7) 

245 

r-- B - A 

D(8:15) 245 

A < B 
DATA (8:15) 

'. 

INPUT SIGNALS STATE 

......... ~~ ................................................................................... ~ ............................................................................................................ . 
......... ~M.w. ................................................................................ .9 ............................................................................................................. . 
. _Ap~o 0 

......... ~~.~ .................................................................................... .9 ............................................................................................................ . 
NCS16 1 . 

CONTROL SIGNALS STATE 

......... p.~ ............................................................................................ .9 ............................................................................................................ . 
........ J;~P.gN9. .................................................................................... .9 ............................................................................................................. . 

NDENO 0 

I~·::=::::::::::::::::::=:::=:::::::::::·:::.~~::::::::·i:::·::::::::::::::=::::.:::::::::::~-:::::::~=::::=--::::::..::--=~:::::::::::: 
SOTR ' X 
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6.9.7 8 bit high byte read from 8 bit device 

DRAM 646 

'D (0:7) A - B DATA (0:7) 

245 

~ B < A 

D ( 8:15 ) 245 ' 

A B 
DATA (8:15) -

CONTROL SIGNALS STATE 

........ ,p.~ .. , ........................................................................................ ~ .......................................................................................................... .. 
_liDENO 1 

........ J~P.gNJ .................................................................................... J ............................................................................................................ . 
......... N§J?.~N. .................................................................................... 9. ............................................................................................................ . 

SCYCLE X 
SDTR 1 
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6.9.8 8 bit high byte write to 8 bit device 

DRAM 646 
. 

D (0:7) A B 
DATA (0:7) . 

245 

-

~ B > A 

D (8:15) 245 

A B 
. DATA (8:15) . 

'- . 

CONTROL SIGNALS STATE 
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