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TOP 

NOTE: , 

8207 

52 AH4 
53 AH5 
54 AH6 
55 AH7 
56 AH8 
57 POI 
56 RFRQ 
59 eLK 
60 Vss 
611mB 
62 WRII 
63PEi1 
54 PCTLB 
65 l'IDA 
66 WIIA 
67 PEA 
66 PCTLA' 

BOTTOM 

8207 is packaged in a 68 pin JEDEC Type A hermetic leadless chip carrier. 

Figure 19. 8207 Pinout Diagram 

, 6-175 

-
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III-e-

ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature , , 

8207 

Under Bias .............. i • ... -0" C to +70" C 
Storage Temperature ..•....... ' -65°C to +150"C 
Voltage On Any Pin With 

Respect to Ground •..•. , .•...... -.5V to +7V 
Power Dissipation ........ ; ............ 2.5 Watts 

D.C. CHARACTERISTICS 

, 
[P)~~IlJ Ii¥1l ~ [N]~!PrtW 

NOTICE: Stress above those listed under ':Absolute 
Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these 'or any 
other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

(1A = ooe to + 70oe, Vec = .5.0V ± 10% for 8207; ,± 5% for 8207·2 and 8207·5, "ss = GND) 

" 
Symbol Parameter Min. Max. Units Comments 

VIL Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vcc+ 0.5 V 

VOL Output Low Voltage 0.45 V Note,1 

VOH Output High Voltage 2.4 V Note 1 

VROl 
RAM Output 

0.45 V Note 1 
Low Voltage 

VROH 
RAM Output 

2.6 V Note 1 
High Voltage 

lee Supply Current .. 400 rnA TA= 25°C 

III Input Leakage Current +10 f.J.A OV:5 VIN :5 Vee 

VCl 
Clock Input 

-0.5 +0.6 - V 
Low Voltage 

VCH 
Clock Input 3.8 Vee + 0.5 V 
HiQ.h Voltage 

CIN Input Capacitance 20 pF fc= 1 MHz 

NOTES: 

IOL = 8 rnA and IOH = -0.2 rnA (Typically IOL = 10 rnA and IOH = -0.88 rnAJ 

A.C. Testing Load Circuli 

L..-____ ~RL 

RRAS = 392 
RCAS = 392 
RAO = 222 
RL = 392 

A.C. Testing Input, Output Waveform 

::. x:": :::x\-__ 
A.C. Testing inputs (except clock) are driven at 
2.4V for a logic "1" and O.45V for a logic "0" 
(Clock': is driven at 4.0V and 0.45V for logic '.'1" 
and "0" respectively). Timing measurements are 
made at 2.0V, 2.4V for logic "1" and 0.8 V for logic 
"0". 
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8207 

A.C. CHARACTERISTICS 
(T A = OOC to 70°C; Vee = +5V ± 10% for 8207; ± 5% for 8207-2, 8207-5; Vss = OV) 

Measurements made with respect ID RASo.a , C~ , AO~ , are at 2.4V and O.SV. All other pins are measured 
at2.0V and 0.8V. All times in nsec unless otherwise indicated. Testing done with specified test load. 

CLOCK AND PROGRAMMING 

8207 a 8207-2 8207-5 

Ref. Symbol Panuneter Min. Mu. Min. Mu. Unite Notes 

- IF Clock Fall Time 10 10 ns 35 

- IR Clock Rise Time 10 10 ns 35 

1 TCLCL Clock P8r1od 8207 62.5 250 ns 1 
8207 125 500 ns 2 
8207·2 125 500 200 500 ns 3 

2 TCL Clock Low Time 82f1T 15 230 ns 1 
8207 TCLCU2·12 ns 2 
8207·2 TCLCU2·12 TCLCU2·12 ns 3 

3 TCH Clock Hgh Time 8207 20 235 ns 1 

8207 TCLCLJ3.3 ns 2 

8207·2 TCLCL13-3 TCLCUa.-3 ns 3 

4 TRlVCL Reset 10 CLf(~ Setup 40 65 ns 4 

5 TRTH Resel Pulse WId1h 4 TCLCL 4 TCLCL ns 

6 TPGVRTL PCTL, POI, RFRO to RESEn Setup 125 200 ns 5 

7 TRTLPGX PCTL,RFRQtoRESET~H~ 10 10 ns 

8 TCLPC PCLf( from CLf(~ Ostay 45 65 ns 

9 TPOVCL POln to CLK~ Setup 60 100 ns 

10 TCLPOX POln 10 CLf(~ Hold 40 65 ns 6 
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A.C. CHARACTERISTICS (Continued) 

RAM WARM-UP AND INITIAUZATION 
I ,64 I TCl\l\(Zl I WZ from 9LK~ Delay 

SYNCHRONOUS 'IAP PORT INTERFACE 
11< TPEVCl PE to CLK~ Setup 

12 TKVCl RD, WR, PE, PCTl to ClK~ Setup 

13 TClKX RDi WR, PE, PCTL to ClK+. Hold 

t4 TKVCH RD, WR,PCTL to ClK1 Setup 

ASYNCHRONOUS lAP PORT INTERFACE 
15 TRWVCl RD, WR to ClK~ Setup 

16 TRWl RD, WR Pulse Width 

17 TRWlPEV PE from RD, WR~ Delay 

t8 TRWlPEX PE to RD, WR~ Hold 

19 TRWLPTV PCTl from RD, WR~ Delay 

20 TRWlPTX PCTl to RD, WR~ Hold 

21 'TRWLPTV PCTl from RD, WR~ Delay 

22 TRWlPTX PqTL to RD, WR~ Hold 

8207 

40 7 

30 50 2 

20 30 ns 1 

0 0 ns 

20 30 ns 2 

30 30 ns 8,9 

2TClCl+30 2TClCl+50 ns 

8207 TClCl·20 ns 1 
8207 TCLCl·30 ns 2 
8207·2 TClCl·30 TCLCl·50 ns 3 

2TClCl+30 2TClCl+50 ns 

TClCl·30 TClCL·50 ns 2 

2TClCl+30 2TClCl+50 ns 2 

2TClCl·20 ns 1 

3TClCl+30 ns 1 

6-178. 



A.C. CHARACTERISTICS (Continued) 
RAM INTERFACE 

, 

Ref. Symbol Parameter 

23 TAVCl Al, AH, BS to ClK~ Setup 

24 TCLAX Al, AH, BS TO ClKI Hold 

25 TCllN LEN from ClK~ Delay 

26 TClRSl RA~ from ClK~ Delay 

28 TClRSH RASt from ClK~ Delay 

27 tRCD RAS to CAS Deley 

29 tRAH Row IC to RAS~ Hold 

30 IASR Row AO to RAS~ Setup 

31 IASC Column AO to CAS~ Setup 

32 tCAH Column AD to CAS Hold 

33 TClCSl CAS~ from ClK~ Delay 

34 TCLCSl CAS~ from CLK~ Delay 

35 TClCSH CASt from ClK. Delay 

36 TClW WE from CLK~ Delay 

37 TCLTKl XACK~ from ClK~ Delay 

38 TRWLTKH XACKf from Rot, WAf Delay 

39 TCLAKl AACK~ from ClK~ Delay 

40 TCLAKH AACKt from CLK~ Delay 

41 TClDl DBM from ClK~ Delay 

ECCINTERFACE 

42 TWRlFV FWR from WR~ Delay 8207 
8207-2 

43 TFVCL FWR to ClK~ Setup 

44 TClFX FWR to ClK~ Hold 

45 TEVCl ERROR to ClK~ Setup 

46 TClEX ERROR to ClK~ Hold 

47 TClRl R/W from ClKI Delay 

46 TClRH RlWf from CLK~ Delay 

49 TCEVCl CE toClK~ Setup 

50 TClCEX CE to ClK~ Hold 

51 TClES ESTB from ClK~ Delay 

8207 

8207 & 8207·2 8207·5 

MIn. Max. MIn. Max. UnIts Notes 

35 + IASR 55 + IASR ns 10 

0 0 ns 

35 55 ns 

35 55 ns 

50 70 ns 

TClCU2-25 ns 11,13,14 
75 60 ns 12,13,14 

TClCl-25 ns 1,13,14 

TClCU4-10 ns 11,13,15 
40 30 ns 12,13,15 

TClCU2-10 ns 1,13,15,16 
90 ns 13,15,17 

10,18 

5 ns 11,13,19,20 
5 5 ns 12,13,19 

TClCLJ2-26 ns 1,13,19 

(See DRAM Interface Tables) 21 

TClClt TClCLJ1.8+53 TClCLI ns 11 
4+30 '4+30 TClCLJ1.6+ 78 ns 12 

35 ns 1 

50 70 . ns 

35 55 ns 

35 55 ns 

50 60 ns 

35 55 ns 

50 70 ns 

35 55 ns 

2TClCl-40 ns 1,22 
TClCl+ TClCl+ ns 2,22 
TCl-40 TCl-65 

40 65 ns 23 

0 0 ns 24 

20 30 ns 25,26 

0 0 ns 

40 55 ns 

50 70 ns 

20 30 ns 25,27 

0 0 ns 

35 55 ns 
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A.C. CHARACTERISTICS (Continued) 
PORT SWITCHING AND LOCK 

8207 

8207 8. '207-2 

Ref. Symbol Parameter Min. 

52 TClMV MUX from CLK~ Delay 

53 TClPNV PSEN from ClK~ Delay Tel 
TCl 

54 TClPSV PSEl from ClK~ 

55 TlKVGl lOCK to ClK~ Setup 30, 

56 TCllKx LOCK to ClK~ Hold 10 

57 TRWllKV lOCK from RD~, WR~ Delay 

58 ,TRWHLKX lOCK to ROt, WRf Hold 3TClCl+3O 

REFRESH REQUEST 

59 TRFVCl RFRO to CLK~ Setup 20 

60 TCLRFX RFRO to ClK~ Hold 10 

61 TFRFH Failsafe RFRO Pulse Width TCLCl+30 

62 TRFXCl Single RFRO Inactive to ClK~ Setup 20 

63 TBRFH Burst AFRO Pulse Width 2TClCl+3O 

NOTES: 
1 Specification when p-OQrammed in the Fast Cycle processor mode (iAPX 286 mode). 
2 Specification when p-OQrammed tn the Slow Cycle processor mode (IAPX 186 mode). 
3. Must be programmed in SJow Cycle prOCBSsa mode. 

Max. 

45 

60 
TCL+35 

35 

2TCLCl-3O 

8207-5 

Min. Max. 

65 

TCl 60 
TCl TCl+35 

55 

50 

10 

2TClCl-50 

3TClCL+50 

30 

10 

TClCl+50 

30 

2TClCl+50 

4. RESET IS internally synchronized to elK. Hence a set-up time IS required only to guarantee its recognition at a particular cJock edge. 
5 The first programming brt (Poo) is also sampled by RESET going low, 
6 TClPDX IS guaranteed if programming data Is shifted uSing PCLK. 
7 WZ is issued only In ECC mode. 
a. TRWVCL is not required for an asynchronous command except to guarantee Its recognition at a particular clock edge. 
9. Valid when programmed in either Fast or Slow C)Cfe mode. 

10. tASR is a user specified patameter and Its value should be added accordngly to TAVCL. 
11. When programmed in Slow Cycle mode and 125 ns .;;; TCLCL < 200 ns. 
12, When programmed in Slow Cycle mode and 200 ns .. TCLCL, 
13 Specification tor Test Load conditions. 

Units 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

14. tRCO (actual) = tRCD (specibcatlon) +0,06 (ACRAsl- 0,06 (ACSAfll where AC = C (test load) - C (actual) in pF, (These are first order approxImations,) 
15, tRAH (actual) - tRAtI (specifIcatIon) + 0,06 (ACRAsl- O,0~2IA A~ where AC = C (test load) - C (actual) in pF, (The" are first order approximations,) 
16. When programmed in Fast Cycle mode (8007 only) and 62.5 ns <TCLCl < 200 ns. I 

17 When programmed in Fast Cycle mode (8207 only) and 200 ns .. Ta.CL. 
18, tASR (actual) = tASR (specification) +0 06 (ACAO) - 0,025 (ACRAsl where AC = C (test load) - C (actual) in pF, (These are first ador apprOXImatIons,) 
19, tASC (actual) = IASC (specification) +0,06 (AC",y - 0.025 (ACCAsl where AC = C (test loed) - C (actual) In pF, (These are firllt ordor approxImatIons,) 
20. lASC IS a function of clock frequency and thus vanes with changes in frequency A mimmum value is specified. 
21. See 8207 DRAM Interface Tables 14 - 18, 

-
Notes 

28 
28 

30,31 

30,31 

31,32 

31,32 

33 

34 

33 

22. TWRLFV is defined for both synchronous and asynchronous FWJf.lh systems in which ~ IS decoded directly fran the address inputs to the 8207. TCLFV IS 
automaticaUy guaranteed by TeLAV. 

23. TFVCL is defined for syncl1ronous FWft' 
24. TCLFV IS defined for both synchronou~ and asynchronous FWR 1n systems in which FWRis decoded directly from the address inputs to the 8207. 

TClFV IS automatically guaranteed by TCLAV. 
25 ERROR and CE are set-up to CLK~ in fast cycle mode and ClKt in sJow cycle mode. 
26. EiiiOA is set-up to the same edge as RIW is referenced to. in RMW cycles 
27. CE is set-up to the same edge as WE is referenced to in RMW cycles. 
28. Speclftca$ion when TCL < 25 ns. 
29 Specification when ~CL $I< 25 ns. 
30. Synchronous operation only. Must arrive by the second clock failing edge after the clock edge which ,recognizes the command In order to be effective I 

31. LOCK must be held active for the entire period the opposite port ITlJst be locked out. One c;tock after the release of LOCK the opposite port will be able to obtain 
access to memory. 

32. Asynchronous mode only. In this mode a synchronizer stage IS used internally in the 8207 to synchromze up LOCK. TRWLLKV and TRWHlKX are only 
required for guaranteeing that LOCK will be recognized· for the reCJ.Iesting pqrt. but these parameters are not reql.ired for correct 8207 operation 

33. TFRFH and TBRFH pertain to asynchronous operation only. 
34. SIOgie RFRO cann~ by supplied asynchronously 
35. tR and tF are referenced from the 3.5V and 1.0V levals. 
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8207 

WAVEFORMS 
Clock and Programming Timings 

ClK 

RESET 

PCTl 

REFRQ 

POI POO 

MUXlPClK' =-...; ® 

RAM Warm-up and Memory Initialization Cycles 

mCJ 
WE:J 

WZ:J 

, RfW:J 

fG 

fI 

ff 

sif 

f 

, 

f 

f 

PROGRAMMING 
i RESET i 

NOTES: 

FIRST RAM WARM-UP CYCLE 

® 

f 

® @ 
POl 

\~ _____ &_' ____ Jr--
lAST RAM WARM-UP OR 
INITIALIZATION CYCLE 

1. When in non-ECC mode or in ECC mode with the TM2 programming bit on, there are no initialization cycles, 
when in ECC mode with TM2 off, the dummy cycles are followed by initialization cycles, 

2. The present example assumes a RAS four clocks long, 

6-181 ~10463-003 



WAVEFORMS (Continued) 
Synchronous Port Interface 

COMMAND MODEl 
fASt CYCLE 
lID, ft, lIE" 

COMMAND MODEl ---+--t--"\ 
FAST CYCLE 
PCTL (INHIBIT) 

COMMAND MODEl 
FAST CyCLE 

8207. 

I INTERNAL INHIBIT __ -+ __ +-____ +-_______________ _ 

SLOW CYCLE 
1m,91ft 

SLOW CYCLE 
J5I! 

SLOW CYCLE 
PCTl 

INTERNAL 
CYCLE REQUEST 

.NOTE: 

® 

Refer to Tables 12, 13 when using A.C. timing waveforms 
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WAVEFORMS (Continued) 
, Asynchronous Port Interface . 

8207 

CLK~~lJ)LI\J\ 
FAST/SLOW CYCLE ~ 

I-®-
RD,WR 't ...J l-- -

® 

® f-@-FAST/SLOW CYCLE 
PE ~ I t- 1-, ".... . 

® 
-@-

SLOW CYCLE 
PCTL 7r- I~\ 

@ 
® ,I 

FAST CYCLE \ 7~ PCTL (INHIBIT) 

FAST CYCLE r------------------------
INTERNAL INHIBIT 7f-

INTERNAL - If-CYCLE REQUEST 
j 
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WAVEFORMS (Continued) 
RA~flntel1ace Timing 
ECC and Non-ECC Mode 

8207 

CLOCK 0 

CLK ~~~~ 

COMMAND 

INTERNAL 
CYCLE REQUEST 

ALO - ALa 
AHo· AHa 
SSo - BS1 

LEN 

RAS 

AOo -AOa 

. WE 

XACK 

DBM 

\. 

~®. 
--x: -

Note: 

f-

fo-@J 
..\-

I-@-~ 

.GP: @ 

I---@ 

fo-®j 
.)l. 

~ 
l( 

~ 

~@1 

-@-

It K 
~ ® 

-®-
1-®1 
IT 

I-®j 
\-X-

I 

~~ 

~. 
.¥-

.~. 
.¥-

~ , 
1\ 

~ -@ 

\=' 
, 

~ 
I.$. 

I 

~. . 
.-¥-

Dashed waveform indicates that either clock edge may cause the signal transition e 
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WAVEFORMS (Continued) 
Port Switching and Lock Timing 

ClK 

8207 

OOMMAND ____ ~ __ +_--+_------~--_+--_+------~, 
PORTA 

COMMAND 
PORTB 

RAS ------------~ 

PORTB 

PSEN------~....J' 

PSEl _________ ....,.\ 

PORTA 

PORTA 

PORTA 

lOCK-------~~~--------~~~----------~------~· 

FUTCYC~.~ ____ ~r--l~ ___ ~r--lL ______ ~ _______________ __ 
INTERNAL lOCK 
DISABLE NOTE: 

Transients during MUX switching. 

Refresh Request Timing 

ClK---

FAilSAFE REFRE.:;SH:.:.... _____ " 
REQUEST 

SINGLE REFRESH REQUEST ____________ .1 

=~~~S~FRESH _____________ f® @;=t_@_60 ____________ _ 
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WAVEFORMS (Continued) 
ECC Interface TImIng 

8207 

CLOCK 0 

CLK ~~ ~~~~~'-

INTERNAL 
CYCLE REQUEST 

FAST CYCLE 
FWR 

SLOW CYCLE 
!!WIt 

ERROR 

RIW 

XACK 

CE 

ESTS 

WE 

~ 

~I-

~ ~ 
'=1 

){ 

~ ~ 
VALID l{ 

~ 
VALID :x 

r@. 
}[ 

" 

NOTE: '" 

I\--

@- ~ 
VALID :x 

~ - @ 
\.'t. j{ 

~ 
\~2 

~ @-
x: VALID ~ 

@. 
-®- -

\. I. 

~ 
@ -

"K"I 

1. This parameter is set-up to the falling edge of clock, as shown, for fast cycle configurations. It is set-up to the 
rising edge of clock if in slo~ cycle configurations. Table 13A shows which clock and clock edge these 
signals are set-up in the.RIW L' column. 

2. CE is set-up to the same edge as WE is referenced to in RMW cycles. 
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8207 

CONFIGURATION TIMING CHARTS 
The timing charts that follow are bas~d on 8 basic 
system configurations where the 8207 operates. 

Tables 10 and 11 give a description of non-ECC and 
ECC system configurations based on the 8207's 
PDO, PD3, PD4, PD10 and PD11 programming bits. 

'nIbIe 10. Non-ECC System Configurations 
Non-ECC Mode: PDO=O 

Timing ConI. CFS(PD3) RFS(PD4) EXT(PD10) 

Co iAPX286(0) FASTRAM(O) NOT EXT(O) 

Co iAPX286(0) FASTRAM(O) EXT(1) 

Co iAPX286(0) SLOW RAM(1) NOT EXT(O) 

Co iAPX286(0) SLOWRAM(1) EXT(1) 

Co iAPX286(0) FAST RAM(O) NOT EXT(O) 

C, iAPX286(0) SLOWRAM(1) NOT EXT(O) 

C, iAPX286(0) FASTRAM(O) EXT(1) 

Co iAPX286(0) SLOW RAM(1) EXT(1) 

C3 iAPX186(1) FASTRAM(O) NOT EXT(O) 

C3 iAPX186(1) SLOWRAM(1) NOT EXT(O) 

C3 iAPX186(1) FASTRAM(O) EXT(1) 

C3 iAPX186(1) FAST RAM.(O) NOT EXT(O) 

C3 iAPX186(1) FAST RAM(O) EXT(1) 

Co iAPX186(1) SLOWRAM(1) NOT EXT(O) 

C3 iAPX186(1) SLOWRAM(1) EXT(1) 

C. iAPX186(1) SLOWRAM(1) EXT(1) 

ECC Mode: PDO=1 
Table 11. ECC System Configurations 

Timing ConI. CFS(PD3) RFS(PD4) EXT(PD10) 

Co IAPX286j1) SLOWRAM(O) MIS EDCU(O) 

Co iAPX286(1) SLOW RAM«(}) M EDCU(1) 

Co IAPX286(1) FASTRAM(1) MIS EDCU(O) 

Co iAPX286(1) FASTRAM(1) M EDCU(1) 

Co iAPX286(1) FAST RAM(1) M EDCU(1) 

C, IAPX286(1) SLOWRAM(O) M EDCU(1) 

Co iAPX286(1) FAST RAM(1) MIS EDCU(O) 

Co IAPX2B6(1) SLOWRAM(O) MIS EDCU(O) 

c. IAPX186(O) SLOWRAM(O) MIS EDCU(O) 

c. iAPX186(O) FAST RAM(1) MIS EDCU(O) 

c. iAPX186(O) SLOWRAM(O) M EDCU(1) 

C. iAPX186(O) FASTRAM(1) M EDCU(1) 

Co iAPX186(O) SLOWRAM(O) MIS EDCU(O) 

Co iAPX186(O) FAST RAM(1) MIS EDCU(O) 

Co IAPX186(0) SLOWRAM(O) M EDCU(1) 

Co iAPX186(O) FAST RAM(1) M EDCU(1) 

'6-187 

FFS(PD11) 

10 MHZ(1) 

10 MHZ(1) 

10 MHZ(1) 

10 MHZ(1) 

16 MHZ(O) 

16 MHZ(O) 

16MHZ(0) 

16 MHZ(O) 

8MHZ(0) 

8MHZ(0) 

8 MHZ(O) 

5 MHZ(1) 

5 MHZ(1) 

5 MHZ(1) 

5 MHZ(1) 

8MHZ(O) 

FFS(PD11) 

10MHZ(O) 

10MHZ(O) 

10MHZ(O) 

10MHZ(O) 

16 MHZ(1) 

16MHZ(1) 

16 MHZ(1) 

16 MHZ(1) 

5MHZ(O) 

5MHZ(O) 

8 MHZ(1) , 

8MHZ(1) 

BMHZ(1) 

8 MHZ(1) 

5 MHZ(O) 

5MHZ(O) 

210483-003 



8207. 

Using the Timing Charts 
The notation used to indicate which clock edge 
triggers an output transition is "nl" or "nl", where 
"n" is the number of clock periods that have passed 
since clock 0, the reference clock, and "I" refers to 
rising edge and "I to falling edge. A clock period is 
defined as the interval from a clock falling edge to 
the following falling edge. Clock edges are defined 
as shown below. 

I I i I I ; ... n -I- n+1---1 
I I 

L l I I I 
(n-1 )J nt nJ (n+1 )t (n+1 )J 

The clock edges which trigger transitions on each 
8207 output' are tabulated in Table 12 for non-ECC 
mode, and Table 13 for ECC mode. "H" refers to the 
high-going transition, and "L" to low-going transi­
tion; "V" refers to valid, and "\i" to non-valid. 

Clock {) is defined as the clock in which the 8207 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously but could not be 
serviced at the time of its arrival because the 8207 
was performing another memory cycle. Clock 0 may 
be identified externally by the leading edge of RAS. 
which is always triggered on 01. 

Notes for interpreting the timing charts. 

1. PSEL - valid is given as the latest time it can 
occur. It .is entirely possible for PSEL to become 
valid before the time given. In a refresh cycle, 
PSEL can switch as defined in the chart, but it 
has no bearing on the refresh cycle itself, but 
only on a subsequent cycle for one of the 
external ports. 

2. LEN • low is given as the latest time it clin occur. 
LEN is only activated by port A configured in Fast 

Cycle iAPX286 mode, and thus it is not activated 
by a refresh cycle, although it may be activated 
by port A during a refresh cycle. 

3. ADDRESS • COIl is the time column address 
becomes valid. 

4. In non-ECC mode the CAS, EAACK, LAACK and 
XACK outputs are not issued during refresh. 

5. In ECC mode there are really seven types of 
cycles: Read without error, read with error, full 
write, partial write without error, partial write with 
error, refresh without error, and refresh with er­
ror. These cycles may be derived from the timing 

. chart as follows: 

A. Read without error: Use row marked 'RD, RF'. 

B. Read with error: Use row marked 'RMW' 
except for EAACK and LAACK, which should 
be taken from 'RD, RF'. If the error is uncor­
rectable, WE will not be issued. 

C. Full write: Use row marked 'WR'. 

D. Partial write without error: Use row marked 
'RMW', except that DBM and ESTB will not be 
issued. 

E. Partial write with error: Use row marked 
'RMW', except that DBM will not be issued. If 
the error is uncorrectable, WE will not be 
issued. 

F. Refresh without error: Use row marked 'RD, 
RF', except that ESTB, EAACK, LAACK, and 
XACK will not be issued. 

G. Refresh with error: Use row marked 'RMW' 
except' that EAACK, LAACK, ESTB, and 
XACK will not be issued. If the error is 
uncorrectable WE will not be issued. 

6. XACK - high is reset asynchronously by command 
going inactive and not by a clock edge. 

7. MUX· valid is given as the latest time it can occur. 
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Table 13 A. Timing Chart - ECC. Mode 

PSEN PSEL ·DBM LEN RAS CAS RlW WE 
Cn CYCLE H L V V L H L H L H L H L H H L 

RD, RF o. 5. 01 61 01 61 01 21 01 41 11 61 

Co WR o. 5. 01 61 01 21 01 61 11 61 11 61 31 61 

RMW o. 8. 01 91 01 91 01 21 01 91 11 91 41 91 61 91 

RD, RF o. 5. or 61 0\ 61 01 21 01 41 11 ·61 

C1 WR o. 5. 01 61 01 21 01 61 11 61 11 61 31 61 

RMW o. 8. 01 91 01 91 01 21 01 91 11 91 41 91 61 91 

RD, RF o. 6. 01 71 01 71 01 21 01 51 11 71 

C2 WR o. 6. 01 71 01 21 01 71 1 I 71 11 71 41 71 

RMW 0+ 10. 01 11 I 01 111 01 21 01 11 I 1 I 111 51 111 81 111 

RD, RF 0+ 6+ 01 71 01 71 01 21 01 51 1 I 71 

C3 WR 0+ 6+ 01 71 01 21 01 71 1 I 71 11 71 41 71 

RMW o. 10+ 01 11 I 01 11 I 01 21 01 11 I 1 I 11 I 51 111 81 111 

RD, RF o. 3. 01 41 01 41 01 21 01 31 01 41 

C4. WR o. 4. 01 51 01, 21 01 51 01 51 11 51 31 51 

RMW o. 6. 01 71 01 71 01 21 01 71 01 71 31 71 51 71 

RD, RF o. 3+ 01 41 01 41 01 21 01 31 01 41 , 

C5 WR o. 4t 01 51 01 21 01 51 01 51 11 51 31 51 

RMW o. 6. 01 71 01 71 01 21 01 71 01 71 31 71 51 71 

RD, RF Ot 3. 01 41 01 41 01 21 01 31 01 41 

Cli WA- 0+ at 01 41 01 21 01 41 01 41 11 41 21 41 

RMW O. 4t 01 51 01 51 01 21 01 51 01 .51 21 51 31 51 
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Table 13 B. Timing Chart - ECC M~de 

COLADDR ESTB EAACK LAACK XACK MUX 

Cn CYCLE V V L H L H L H L. H V V 

RD, RF 0+ 2+ 2+ 5+ 3+ 6+ 4+ RD -2+ 2* 
Co WR 0+ 2+ 2+ 5+ 2+ 5+ 4+ WR -2+ 2+ 

RMW 0+ 2+ 6+ 8+ 5+ 8+ 5+ 8+ 7+ WR -2+ 2~ 

RD,RF 0+ 3+ 3+ 6+ 3+ 6+ 4+ RD -2+ 2+ 

C1 WR 0+ 3+ 2+ 5+ 2+ 5+ 4+ WR -2+ 2+ 

RMW 0+ 3+ 6+ 8+ 5+ 8+ 5+ 8+ 7+ WR -2+ 2+ 

RD,RF 0+ 3+ 4+ 7+ 4+ 7+ 5+ RD -2+ 2+ 

C2 WR 0+ 3+ 3t 6+ 3+ 6+ 5+ WR -2+ 2+ 

RMW 0+ 3+ 8t 10+ 7+ 10+ 7+ 10. 9+ WR -2~ 2+ 

RD,RF 0+ 3+ 4+ 7+ 5+ 8. 5+. RD -2+ 2. 

C3 WR 0+ 3+ . 3+ 6+ 3. 6. 5+. WR -2+ 2+ 

RMW 0+ 3+ 8+ 10+ 7+ 10+ 7+ 10+ 9+ WR -2+ 2+ 

RD,RF 0+ 2+ 1+ 3+ 2t 4t 3t RD -1+ 2+ 

C4 WR 0+ 2. , 1+ 3+ 2t 4t 3+ WR '-1+ 2+ 

RMW 0+ 2+ 5t 6t 3+ 5+ 4t 6t 5+ WR -1+ 2+ 

RD,RF 0+ 2+ 2+ 4+ 3t 5t 3t RD -1+ 2+ 

Cs WR 0+ 2+ 1+ 3+ 2t 4t. '3+ WR -H 2+ 

RMW 0+ 2+ 5t 6t 3+ 5+ 4t 6t 5+ WR -1+ 2+ 

RD,RF 0+ 2+ H 3+ 1t 3t 2t RD -1+ 2+ 

Cs WR 0+ 2+ H 3+ 1t ~t 2+ WR -H 2+ 

RMW 0+ 2+ 3t 4t H 3+ 2t 4t 3+ WR -H 2+ 
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8207 - DRAM Interface Parameter Equations 
Several DRAM parameters, but not all, are a direct 
function of 8207 timings, and the equations for 
these parameters are given in the following tables. 

WRITE CYCLE 

. The following is a list of those DRAM parameters 
which have NOT been included in the following 
tables, with an explanation for their exclusion. 

READ, WRITE, READ-MODIFY-WRITE & 
REFRESH CYCLES 

tRAC: 
tCAC: 
tREF: 
tCRP: 

response parameter. 
response parameter. 
See "Refresh Period Options" 

tRC: 
tRAS: 
tCAS: 
tWCS: 

tDS: 
tDH: 
tDHR: 

guaranteed by tRWC. 
guaranteed by tRRW. 
guaranteed by tCRW. _ 
WE always activated after CAS is acti­
vated, except in memory initialization, 
hence tWCS is always negative (this is 
important for RMW only) except in mem­
ory initialization; in memory initialization 
tWCS is positive and has several clocks of 
margin. 
system-dependent parameter. 
system-dependent parameter. 
system-dependent parameter. 

tRAH: 
tRCD: 
tASC: 
tASR: 
tOFF: 

must be met only if CAS-only cycles, 
which do not occur with 8207, exist. 
See "A.C. Characteristics" READ-MODIFY-WRITE CYCLE 

See "A.C. Characteristics" 
See "A.C. Characteristics" 
See "A.C. Characteristics" 
response parameter. 

READ & REFRESH CYCLES 

tRWD: don,'t care in 8207 write cycles, but tabu­
lated for 8207 RMW cycles. 

tCWD: don't care in 8207 write cycles, but tabu­
lated for 8207 RMW cycles. 

tRCH: WE always goes active after CAS goes 
active, hence tRCH is guaranteed by 
tCPN. 

Table 14. Non-ECC Mode - RD, RF Cycles 

Fast Cycle Configurations Slow Cycle Configurations 
, 

Parameter Co C, C2 C3 C4 Notes 

tRP 3TCLCL-T26 4TCLCL-T26 4TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

tCPN 3TCLCL-T35 3TCL'CL-T35 3TCLCL-T35 2.5TCLCL-T35 2.5TCLCL - T35 1 

tRSH 2TCLCL-T34 3TCLCL-T34 3TCLCL-T34 3TCLCL-T34 4TCLCL-T34 1 

tCSH 4TCLCL-t26 6TCLCL-T26 6TCLCL-T26 3TCLCL-T26 4TCLCL-T26 1 

tCAH TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 1 

tAR 2TCLCL-T26 3TCLCL-T26 3TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

tT 3/30 3/30, 3/30 3/30 3/30 2 

tRC 6TCLCL 8TCLCL 8TCLCL 5TCLCL 6TCLCL 1 

tRAS 3TCLCL-T26 4TCLCL-T26 4TCLCL-T26 3TCLCL-T26 4TCLCL-T26 1 

tCAS 3TCLCL-T34 5TCLCL-T34 5TCLCL-T34 3TCLCL-'-T34 4TCLCL-T34 1 

tRCS 2TCLCL-TCL 2TCLCL-TCL 2TCLCL-TCL 1.5TCLCL-TCL 1.5TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF -T36-TBUF -T36-TBUF 
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Table 12 A. TIming Chart - Non-ECC Mode 

PSEN PSEL DBM LEN RAS CAS WE 

Cn CYCLE H L V V L H L H L H L H H L 
RD,RF c» 3. o. 4. o. 4. Of .2. 0+ 3. H .4. 

Co 
WR o. 4. o. .' 5. o. 2. o. 5. H 5. 2. 5. 

RD,RF o. 5. o. 6. o. 6. o. 2. o. 4. H 6t 
C1 

WR o. 4. o. 5. o. 2. o. 5. H 5. 2. 5. 
RD, RF 0+ 5. 0+ 6+ 0+ 6+ 0+ 2. 0+ 4. H 6. 

C2 
WR o. 4. o. 5. o. 2. 0 •. 5. H 5. 2. 5. 

RD, RF o. 2. o. 3. o. 3. o. 2. o. 3. o. 3. 
C3 

WR I o. 3. o. 4. o. 2. 0+ 4. o. 4. 2t 4. 
RD,RF 0 •. 3. o •. 4. o. 4. 0+ 2. o. 4 •. o. 4. 

C4 WR o. 3. o. 4. o. 2. o. 4+ 0+ 4+ 2t 4. 

Table 12 B. Timing Chart - Non-ECC Mode 

COL ADDR EAACK: LAACK' XACK MUX 
Cn CYCLE V V L H L H L H V V 

. ' Co RD,RF o. 2. H 4. 2. 5. 3. RD -2. 2 • 

WR o. 2. H 4. H 4. 3. WR .-2. 2. 

RD,RF o. 3. 2. 5. 2. 5. 401- RD -2. 2. 
C1 

WR o. 3. H 4. H 4. 3+ WR -2:j, 2. 

RD,RF o. 3. 2. 5. 3. 6. 4+ RD -2. .2. 
C2 WR. o. 3. H 4. H 4. 3. WR -2+ 2. 

RD,'RF o. 2. o. 2. H 3. 2. RD -1+ 2. 
C3 WR o. 2. o. 2. 1t 3t 2. WR -H 2. 

RD,RF o. 2+ 1. 3+ H 3. 3t RD -H 2. 
C4 

WR 0+ 2. o. 2. 1t 3t 2+ WR -H 2. 
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Table 15. Non-ECC Mode - WR Cycle 

FI.t Cycle Conflgurltlon. Slow Cycle Conflgurltlon. 

Perimeter Co C1 C2 Cs C4 Note. 

tRP 3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

tCPN 4TCLCL-T35 4TCLCL-T35 4TCLCL-T35 2.5TCLCL-T35 2.5TCLCL ~ T35 1 

tRSH 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 1 

tCSH 5TCLCL-T26 5TCLCL-T26 5TCLCL-T26 4TCLCL-T26 4TCLCL-T26 1 

tCAH TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 1 

tAR 2TCLCL-T26 3TCLCL-T26 3TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

tT 3/30 3/30 3/30 3/30 3/30 2 

tRWC 8TCLCL 8TCLCL 8TCLCL 6TCLCL 6TCLCL 1 

tRRW 5TCLCL-T26 5TCLCL-T26 5TCLCL-T26 4TCLCL-T26 4TCLCL-T26 1 

tCRW 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 4TCLCL-T34 1 

tWCH 3TCLCL+TCL 3TCLCL+TCL 3TCLCL+TCL 3TCLCL+TCL 3TCLCL+TCL 1,3 

-T34 -T34 -T34 -T34 -T34 

tINCR 4TCLCL+TCL 4TCLCL+TCL 4TCLCL+TCL 3TCLCL+TCL 3TCLCL+TCL 1,3 

-T26 -T26 -T26 -T26 -T26 

tWP 2TCLCL+TCL 2TCLCL+TCL 2TCLCL+TCL 2TCLCL-T36 2TCLCL-T36 1 

-T36-TBUF -T36-TBUF -T36-TBUF -TBUF -TBUF 

tRWL 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 3TCLCL-TCL 3TCLCL-TCL 1 

-TBUF -TBUF -TBUF -T36-TBUF -T36-TBUF 

tCWL 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 3TCLCL-TCL 3TCLCL-TCL 1 

-TBUF -TBUF -TBUF -T36-TBUF -T36-TBUF 

6-193 210463-003 , 



Parameter 

tRP 

tCPN 

tRSH 

tCSH 

tCAH 

tAR 

tT 

tAC 

tRAS 

tCAS 

tRCS 

8207, 

Table 16 A. ECC Mode - RD, RF Cycles 

Fast Cycle Mode 

Co C, C2 C3 Note. 

4TCLCL-T26 4TCLCL-T26 4TCLCL-T26 4TCLCL-T26 1 

3TCLCL-T35 3TCLCL:-T35 3TCLCL-T35 3TCLCL-T35 1 

, 3TCLCL - 1"34 3TCLCL-T34 4TCLCL-T34 4TCLCL-T34 1 

6TCLCL-T26 6TCLCL-T26 7TCLCL-T26 7TCLCL-T26 1 

TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 1 

2TCLCL-T26 3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 1 

3/30 3/30 3/30 3/30 2 

8TCLCL 8TCLCL 9TCLCL 9TCLCL 1 

4TCLCL-T26 4TCLCL-T26 5TCLCL-T26 5TCLCL-T26 1 

5TCLCL~T34 5TCLCL-T34 6TCLCL-T34 6TCLCL-T34 1 

TCLCL-T36 TCLCL-T36 TCLCL-T36 TCLCL-T36 '1 

-TBUF -TBUF -TBUF -TBUF 

Table 16 B. ECC Mode - RD, RF Cycles 

Slow Cycle Mode 

Parameter C4 Cs Ce Note. 

tRP 2TCLCL-T26 2TCLCL-T26 

tCPN 1.5TCLCL-T35 1.5TCLCL-T35 

tRSH 3TCLCL-T34 3TCLCL-T34 

tCSH 4TCLCL-T26 4TCLCL-T26 

tCAH 2TCLCL-T34 2TCLCL-T34 

tAR 2TCLCL-T26 2TCLCL-T26 

tT . 3/30 3/30 

tRC 5TCLCL 5TCLCL 

tRAS 3TCLCL-T26 3TCLCL-T26 

tCAS 4TCLCL-T34 4TCLCL-T34 

tRCS 0.5TCLCL - T36 o'.5TCLCL - T36 

-TBUF -TBUF 

6-19~ 

2TCLCL-T26 

1.5TCLCL-T35 

3TCLCL-T34 

4TCLCL-T26 

2TCLCL-T34 

2TCLCL-T26 

3/30 

5TCLCL 

3TCLCL-T26 

4TCLCL-T34 

0.5TCLCL-T36 

-TBUF 

\ 
\ 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 
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'nable 17 A. ECC Mode - WR Cycle 

. .. Fu' Cycle Mode 

Parame ..... Co C, Cz C3 No ... 
tRP 3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 1 

tCPN 4TCLCL-T35 4TCLCL-T35 4TCLCL-T35 4TCLCL-T35 1 

tRSH 5TCLCL-T34 5TCLCL-T34 6TCLCL-T34 6TCLCL-T34 1 

tCSH 6TCLCL-T26 6TCLCL-T26 7TCLCL-T26 7TCLCL-T26 1 

tCAH TCLCL-T34 2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 1 

tAR 2TCLCL-T26 3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 1 

tT 3/30 3/30 3/30 3/30 2 

tRWC 9TCLCL 9TCLCL 10TCLCL 10TCLCL 1 

tRRW 6TCLCL-T26 6TCLCL-T26 7TCLCL-T26 7TCLCL-T26 1 

tCRW 5TCLCL-T34 5TCLCL-T34 .6TCLCL-T34 6TCLCL-T34 1 

tWCH 5TCLCL-T34 5TCLCL-T34 6TCLCL-T34 6TCLCL-T34 1,4 

tWCR 6TCLCL-T26 6TCLCL-T26 7TCLCL-T26 7TCLCL-T26 1,4 

tWP 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 1 _ 

-TBUF -TBUF -TBUF -TBUF 

tRWL 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 1 

-TBUF -TBUF -TBUF -TBUF 

tCWL 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 1 

-TBUF -TBUF -TBUF -TBUF 
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Parame',,, 

tRP 

tCPN 

tRSH 

tCSH 

tCAH 

tAR 

tT 

tRWO 

tRRW 

tCRW 

tWCH 

tWCR 

tWP 

tRWL 

tCWL 

8207.,' 

Table 17 B,. E(:C Mode - WA Cycle 

Slow Cycle Mode 

C4 Ce C, No ... 
2TCLCL-T26 2TCLCL -, T26 2TCLCL-T26 1 

2.5TCLCL - T35 2.5TCLCL -' T35 2.5TCLCL-T35 1 

5TCLCL-T34 5TCLCL-T34 4TCLCL-T34 1 

5TCLCl-T26 5TCLCL-T26 4TCLCL~T26 1 

2TCLCL-T34 2TCLCL-T34 2TCLCL-T34 1 

2TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

3/30 3/30 3/30 2 

7TCLCL 7TCLCL 6TCLCL 1 

5TCLCL-T26 5TCLCl-T26 ' 4TCLCL-T26 1 

5TCLCL-T34 5TCLCL-T34 4TCLCL-T34 1 

5TCLCL-T34 5TCLCL-T34 4TCLCL-T34 1,4 

5TCLCL-T26 5TCLCL-T26 4TCLCL-T26 1,4 

3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF .-T36-TBUF 

3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF 

3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF 
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Parameters 

tRP 

tCPN 

tRSH 

tCSH ' 

tCAH 

tAR 

tT 

tRWC 

tRRW 

tCRW 

tRCS 

tRWD 

tCWD 

tWP. 

tRWL 

tCWL 

8207 

Table 18 A. ECC Mode - RMW 

FaIt Cycle Mode 

Co , C1 C2 

3TCLCL-T26 3TCLCL-T26 3TCLCL-T26 

4TCLCL-T35 4TCLCL-T35 4TCLCL-T35 

8TCLCL-T34 8TCLCL-T34 10TCLCL - T34 

9TCLCL-T26 9TCLCL-T26 11TCLCL-T26 

TCLCL-T34 2TCLCL-T34 2TCLCL-T34 

2IcLCL-T26 3TCLCL-T26 3TCLCL-T26 

3/30 3/3'0 3/30 

12TCLCL 12TCLCL 14TCLCL 

9TCLCL-T26 9TCLCL-T26 11 TCLCL-T26 

8TCLCL-T34 8TCLCL-T34 10TCLCL-T34 

TCLCL-T36 TCLCL-T36 TCLCL-T36 

-TBUF -TBUF -TBUF 

6TCLCL-T26 6TCLCL-T26 8TCLCL-T26 

5TCLCL"':T34 5TCLCL-T34 . 7TCLCL - T34 

3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 

-TBUF -TBUF , -TBUF 

3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 

-TBUF -TBUF -TBUF 

3TCLCL-T36 3TCLCL-T36 3TCLCL-T36 

-TBUF -TBUF -TBUF 

6-197 

C3 Notel 

3TCLCL-T26 1 

4TCLCL-T35 1 

10TCLCL - T34 1 

11TCLCL-T26 1 

2TCLCL-T34 1 

3TCLCL-T26 1 

3/30 2 

14TCLCL 1 

11TCLCL-T26 1 

10TCLCL - T34 1 

TCLCL-T36 1 

-TBUF 

8TCLCL-T26 1 

7TCLCL-T34 1 

3TCLCL-T36 1 

-TBUF 

3TCLCL-T36 1 

-TeUF 

3TCLCL-T36 1 

-TBUF 
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18ble 18 B. ECC Mode - RMW 

Slow Cycle Mode 

Parameters ·C. Cs Cs Notes 

tAP 2TCLCL-T26 2TCLCL-T26 2TCLCL-T26 1 

tCPN 2.5TCLCL - T35 2.5TCLCL - T35 2.5TCLCL-T35 1 

tASH 7TCLCL-T34 7TCLCL-T34 5TCLCL-T34 1 

tCSH 7TCLCL-T26 7TCLCL-T~6 5TCLCL-T26 ,1 

tCAH 2TCLCL-T34 2TCt.:CL-T34 2TCLCL-T34 1 

tAA 2TCLCL-T26 2TCLCL-T26 2TCLCL-T2~ 1 

tT 3/30 3/30 3/30 2 

tAWC 9TCLCL 9TCLCL 7TCLCL 1 

tAAW 7TCLCL-T26 7TCLCL-T26 5TCLCL-T26 1 

tCAW 7TCLCL-T34 7TCLCL-T34 5TCLCL-T34 1 

tACS 0.5TCLCL - T36 0.5TCLCL - T36 0.5TCLCL - T36 1 

-TBUF -TBUF -TBUF 

tAWD 4TCLCL+TCL 4TCLCL+TCL 2TCLCL+TCL 
I 
1 

-T26 -T26 -T26 -
tCWD 4TCLCL+TCL 4TCLCL+TCL 2TCLCL+TCL 1 

-T34 -T34 -T34 

tWP 3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF 

tAWL 3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF 

tCWL 3TCLCL-TCL 3TCLCL-TCL 3TCLCL-TCL 1 

-T36-TBUF -T36-TBUF -T36-TBUF 

NOTES: 
1. Minimum 
2. Value on right is maximum; value on left is minimum. 
3. Applies to the eight warm-up cycles during initialization only. 
4. Applies to, the eight warm-up cycles and to the memory initilization 

cycles during initialization only. 
5. TP = TClCl 

. T26 = TClRSl 
T34 = TClCSl 
T35 ,= TClCSH 
T36 = TClW 
TBUF = TTL Buffer delay 

6-198 
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DYNAMIC RAM CONTRO~LER 

• o Wait State, 8 MHz iAPX 186, iAPX • Directly Addresses and Drives up to 
188, IAPX 86 and IAPX 88 Interface 1 Megabyte without External Drivers 

• Provides all Signals necessary to • Microprocessor Data Transfer and 
Control 64K (2164A) and 256K Advance Acknowledge Signals 
Dynamic RAMs 

• Four Programmable Refresh Modes • Supports Synchronous or 
Asynchronous • +5 Volt Only HMOSII Technology for 
Microprocessor Interfaces High Performance and Low Power 

• Automatic RAM Initiallation 

The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controller 
that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other microcomputer systems. 
The 8208 is designed to easily interface to the iAPX 186, iAPX 188, iAPX 86, and the iAPX 88 by strapping 
the programming pin to logic O. 

AFRQ 

PDI--+~-I 

"'LOBC==~ 
AHoa '-----v1 

as 

AL4 
AL3 
AL2 
AL1 
ALO 
BS 

AOO 
lin A01 

A02 
m A03 

A04 
Vss 
A05 
A06 
A07 
AOB 
Vss 

Ri\S1 
RASO 
CAS1 
CASO 

Vss. 
RESET 

Vee 

Figure 1. Block Diagram and Pinout Diagram 
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WE/PCLK 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
; Product. No Other Circuit Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published 

Specifications On These Devices From Intel. June, 1983 
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Table 1. Pin Description 

Symbol Pin Type Name and Function 
ALO 5 I ADDRESS LOW: These lower order address inputs are used to generate the row address 
AL1 4 I for. the internal address multiplexer. ' 
AL2 3 I 
AL3 2 I 
AL4 1 I 
AL5 47 I 
AL6 46 I ., 
AL7 45 I 
AL8 44 I 

BS 6 I BANK SELECT: This input is used to select one of the two banks of the dynamic RAM 
array as defined by the program·bit RB. 

AOO '7 0 ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
AOI 8 O' addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These 
A02 9 0 outputs drive the dynamic RAM array directly and need no external drivers. 
A03 10 0 
A04 11 0 
A05 13 0 
A06 14 0 
A07 15 0 
A08 16 0 

VSS 12 I GROUND 
17 I GROUND 
22 I GROUND 
36 I GROUND 

RASO 19 0 ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
RASI 18 0 the row address, present on the AOQ.8 pins. These outputs are selected by the BS pin 

as programmed by program·bit RB. These outputs drive the dynamic RAM array directly 
and need no external drivers. 

CASO 21 0 COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
~ 20 0 latch the column address, present on the AOO·8 pins. These outputs are selected by the 

BS pin as programmed by program·bit RB. These outputs drive the dynamic RAM array 
directly and need no external drivers .. 

RESET 23 I RESET: This active, high signal causes aU internal counters to be reset and uROn release 
o! RESET, data appearin~ at the POI pin is clocked·in W, the PCLK output. The states 
o! the POI, PCTL and RF Q pins are.sampled by RES T going inactive and are used 
to program the 8208. An 8 cycle dynamiC RAM warm·up is. performed after clocking POI 
bits into the 8208. 

WEI 25 0 WRITE ENABLE/PROGRAMMING CLOCK: Immediate~ after a RESET this 
PCLK pin becomes PCLK and is used to clock serial programming ata into the POI pin. After 

the 8208 is programmed this active high signal provides the dynamic RAM array the write 
enable input for a write operation. 

VCC 24 I POWER: + 5 Volts. 
'48 I POWER: + 5 Volts. 

AACKI 26 0 ADVANCE ACKNOWLED~NSFER ACKNOWLEDGE: When the X programming bit 
XACK is set to logic 0 this pin is AA K and indicates that the processor may continue process· 

ing and that data will be available, when required. This signal is optimized for the sfstem 
by programming the S program·bit for synchronous or asynchronous operation. he S 
programming bit determines whether this strobe will be early' or late. If another dynamic 
RAM cycle is in pr0!ilress at the time of the new~est, the ~ is delayed. When the 
X programming bit IS set to logic 1 this pin is and indicates that data on the bus 
is vaMing a read c~cle or that data may be removed from the bus during a write cy· 
de. XA K is a MULTI US compatible signal. '. 

PCTL 27 I PORT CONTROL: This pin is sampled on the falling edge of RESET, It configures the 
8208 to accept command inputs or processor status inputs. If PCTLis low after RESET 
the 8208 is programmed to accept bus command inputs. If PCTL is high after RESET 
the 8208 is pr~rammed to accept status inputs from iAPX 86 or iAPX 186 type processors. 
The. 52 status ine shou~ ,be connected to this input 'if programmed to a«;lC8pt iAPX 86 
or iAPX 186 status inputs. When programmed to accept bus commands it should be tied 
low or it may be connected to INHI IT when operating with MUL TIBUS. 

PE 28 I PQRT ENABLJ:: Th~ pin seryes to .enable a RAM cycle request. It is generally df,l!;:oded 
from thf,l address bus. " 
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Table 1. Pin Deacrlptlon (Continued) 

Symbol Pin Type Name and Function 
WR 29 I WRITE: TIPln Isltle write memory request command Input. This input also directly ac-

cepts the status line from Intel PfOO888Ol'll. 

RD 30 I READ: Th~ln Is the read memory request command input. This input also directly ac· 
cepts the status line from Intel processors. 

eLK 31 I a..OCK: This Input provides the ba$ic timing for sequencing the Internal logic 

RFRQ 32 I IEFRESH REQUEST: This Input Is sampled on the falling edge of RESET. If RFRQ is 
high st RESET ltIen Ihe 8208 is P~rammed for Intemal-refrash request or extemal·refresh 
request with failsafe protection. If FRQ Is low at RESET then the 8208 is programmed 
for external·refresh without failsafe protection or burst·refresh. Once programmed the 
RFRQ pin accepts signals to start an external·refresh with failsafe protection or external· 
refresh without failsafe protection or a burst·refresh. \ 

PDt 33 I PROGRAM DATA INPUT: This input is sam~ed ~ RESET 90ing low. It programs the 
,various user selectable options In the 8208. e P LK pin shifts programming data into 
the PDt input from an external shift r~ister. This pin may be strapped low to a default 
iAPX 186 (PDI=Low) mode configuratIOn. 

AHO 43 I ADDRESS HIGH: These hi~her order address inputs are used to generate ltIe column 
AH1 42 I address for the internal ad ress multiplexer. 
AH2 41 I 
AH3 40 I 
AH4 39 I 
AH5 38 I 
AH6 37 I 
AH7 35 I 
AHa 34 I 
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GENERAL DESCRIPTION 

The, Intel 8208 Dynamic RAM Controller is a 
microcomputer peripheral device which provides the 
necessary signals to address, refresh and directly 
drive 64K and" 256K dynamic RAMs. 

The 8208 supports several microprocessor interface 
options including synchronous and asynchronous' 
operations for iAPX 86, iAPX, 186, iAPX 188 and 
MUlTIBUS. 

FUNCTIONAL DESCRIPTION 

Procltssor Interface. 

The 8208 has control circuitry capable of supporting, 
one of several possible bus structures. The 8208 may 
be programmed to, run synchronous or asynChronous 
to the processor clock. (See Synchronous/Asyn­
chronous Mode) The 8208 has been optimized to run 
synchronously with Intel's iAPX 86, iAPX 88, iAPX 

Synchronous-Status Interface 

Synchronous.command Interface 

186 and iAPX 188. When the 8208 is programmed 
to rUll'in asynChronous mode, the 8208 inserts.J!!..e 
nece$S8ry synchronization circuitry for the RD, WR, 
PE, and PCTl inputs.', , 

The' 8208 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 
iAPX 86, iAPX 88, iAPX 188 and the iAPX 188. The 

, B20s can also be programmed to receive read or write 
MUlTlBUS C9mmands or commands from a bus con-

I troller. ,(See Status/Command Mode) 

The,8208 may be programmed to accept the clock 
of the'iAPX 86, iAPX 88, iAPX 186 or 188. The 8208 
adjusts its intern~1 timing to allow for different clock 
frequencies Qf these microprocessors. (See 
Microprocessor Clock Frequency Option) 

Figure 2 shoWs the different processor interfaces to 
the 8208 using the synchronous or asynchronous 
mode and status or command interface. 

ADDAIDATA 

erAs 
~ BUS 
S2 CONTROLLER: 

ALE 

~~~~~~~~-' ST8 '--_.J-..... LATCH 
,----......... 

Asynchronous-Command Interface 

Figure 2. Interfaces Supported by the 8208. 
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Dynamic RAM Interface 

The 8208 is capllble of addressing 64K and 256K 
~ynamic RAMs. Figure 3 shows the connection of the 
processor address bus to the 8208 using the different 
RAMs. The 8208 directly supports the 2164A 'RAM 
family or any RAM with similar timing requirements 
and responses. 

A11-A19 

A1. 

NOTES: 

256KRAM 
INTERFACE 

(NOTE 1 

A1. 

BS 

64K RAM 
INTERFACE 

1.IUnassigned address input pins should be strapped 
high or low. 

2.AO along with BHE are used to select a byte within 
a processor word. 

3. Low order address bit is used as a bank select 
input so that consecutive memory access requests 
are to alternate banks allowing bank interleaving 
of memory cycles. 

Figure 3. Processor Address Int.erface. to the 
8208 USing 64K, and 256K, RAMS 

The 8208 divides memo~o two banks, each bank 
having its own Row (RAS) and Column (CAS) 
Address Strope pair. This organization permits RAM 
cycle interleaving. f\AM cycle interleaving overlaps 
the start of the next RAM cycle with the RAM 
precharge period of the previous cycle. Hiding the 
precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes 
memory bandwidth and is effective as long as suc­
cessive RAM cycles occur in the alternate banks. 

Successive data access to the same bank cause the 
8208 to wait for the precharge time of the previous 
RAM cycl~. But when the 8208 is programmed in an 
iAPX 186 synchronous configuration consecutive read 
'cycles to the' same bank does not result in additional 
wait states (I.e. 0 wait state reads result). 

If not all RAM banks are occupied, the 8208 reassigns 
the RAS and CAS strobes to allow using wider data 
words without increasing the loading on the RAS and 
CAS drivers. Table 2 shows the bank selection 
decodin!Ll!!'d the horizontal word expansion, in­
cluding RAg and CAS assignments. For example, if 
only one RAM bank is ocqupied, then the two RAS 
and CAS strobes are activated with the same timing. 

Table 2. Bank Selection Decoding 
and Word Expansion 

Program Bank, 
Bit Input 8208 
RB BS RAS/CAS Pair Allocation 

0 0 RASo l' eASo '1 to Bank 0 

0 1 Illegal 

1 0 RASo' CASo to Bank 0 

1 1 !:lAS1, CAS1 to Bank 1 

Program bit RB is not used to check the bank select 
input BS. The system design must protect from 
accesses to "illegal", non-existent banks of memory 
by deactivating the PE input when ,addressing an 
"illegal", non-existent bank of memory. 

The 8208 adjusts and optimizes internal timings for 
either the. fast or slow RAMs as programmed. (See 
RAM Speed Option) . 

Memory Initialization I 

After programming, the 8208 performs eight RAM 
"wake-up" cycles to prepare the dynamic RAM for 
proper device operation (dllring "warm-up" some 
RAM interface parameters may not be met, this 
should cause no harm to the dynamic RAM array). 

Refresh 

The 8208 provides an internal refresh interval counter 
and a refresh address counter to allow the 82011 to 
refresh memory. The 8208 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be supported. 
In addition, there exists the.abilityto refresh 256 row 
address locations every 2 milliseconds via the Refresh 
Period programming option. 

The 8208 may be programmed for any of five different 
refresh options: Internal refresh only, External refresh 
with failsafe protection, External refresh without 
failsafe protection, Burst Refresh modes, or no 
refresh. (See Refresh Options) . 
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It Is possible to decrease the refresh time interval by 
10% 20% or 300/0. This option allows the 8208 to com­
pensate for reduced clock frequencies. Note that an 
aadltlOnal 5% Interval shortening Is bullt·ln in all refresh 
Interval options to compensate for clock variations and 
non·lmmedlate response to the Internally 9enerated 
refresh request. (See Refresh Period Options) 

External Refresh Requests after RESET 

External refresh requests are not recognized by the 
8208 until after it is finished programming and prepar· 
ing memory for access. Memory preparation includes 
8 RAM cycles to prepare and ensure proper dynamic 
RAM operation. The time it takes for the 8208 to 
recognize a request is shown below. 

eq. 8208 System Response: TRESP = PROG + TPREP 
where: TPROG = (40) (TCLCL) which is programming 

, time 
TPREP = (8) (32) (TCLCL) which is the RAM 

warm-up time 
if TCLCL = 125 ns then TRESP = 37 us 

Reset 

RESET is an asynchronous input, the falling edge of 
which is used by the 8208 to directly sample the logic 
levels of the PCTl, RFRQ, and PDI inputs. The 
internally synchronized falling edge of reset is used 
to begin programming operations (shifting in the 
contents of the external shift register, if needed, into 
the PDI input). 

Differentiated reset is unnecessary when the default 
synchronization programming is used. (S=O) 

Until programming is complete the 8208 registers but 
does, not respond to command or status inputs. A 
Simple means of preventing commands or status from 
occurring during this period is to differentiate the 
system reset pulse to obtain a smaller reset pulse for 
the 8208. The total time of the 8208 reset pulse and 
the 8208, programming time must be less than the 
time before the first command the CPU issues in 
systems that alter the default port synchronization 
programming bit (default is synchronous interface). 

The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8208. The differentiated reset 
pulse first resets the 8208, and system reset would 
resetthe rest of the system. While the rest of the 
system is still in reset, the ,8208 completes its 
programming. Figure 4 illuStrates a circuit to ac-, 
complish thistas~. ' 

SYSTEM, L-
RESE.!1 ' L-. I _ .~ 82ru-c== -'---, RESIT 

t1 PAOGAAMMINQ TIME OF 8208 

SYSTEM >-~>-+--AJv-..... ~>>-tL.J 
RESET 

DIFFERENTIATED RESET 

NOTES: 

8208 
RESET 

1. Required only when the port synchronization op­
tion(s) is altered from its initial default value. 

2. Vcc must be stable befor.esystem reset is ac­
tivated when using this circuit. 

Figure 4. 8208 Differentiated Reset Circuit 

Within four clocks after RESET goes active, all the 
8208 outputs will go high, except for AOO-2, which 
will go low. 

OPERA nONAL DESCRIPTION 

Programming the 8208, 

The 8208 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of RESET 
actually performs the latching, which means that the 
logic levels on these inputs must be stable prior to 
that time. The inputs whose logic levelS are latched 
at the end of reset are the PCTl, REFRQ, and POI 
pins. 

Status/Command Mode 

The processor port of the 8208 is configured by the 
states of the PCTl pin. Which interface is selected 
depends on the state or the PCTl pin at the end of 
reset. If PCTl is high at the end of reset, the 80186 
Status interface is selected; if it is low, then the 
MUl TIBUS or Command interface is selected. 

There exist two interface configurations, one for 
MUl TIBUS memory commands, which is called the 
Command interface, and one for 8086,8088,80186 
or 80188 status, called the 80186 Status interface. 
The Command interface also directly interfaces to the 
command lines of the bus controllers for the 8086, 
8088. ' " . 
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The 80186 Status interface allows direct decoding of 
the status lines for the iAPX 86, iAPX 88, iAPX 186 
and the iAPX 188. Table 3 shQws how the status lines 
are decoded., Microprocessor bus controller read or 
write commands or MUl TIBUS commands can also 
be directeo10 the 8208 when in Command mode. 

ITable 3. 8208 Response ' 

820a·Command Function 

8086/80186 Multlbus or 
Status Command 

PCTL RD WR Interface Interface 

0 0 0 IGNORE IGNORE 

0 0 1 IGNORE RE!A.O 

0 1 0 IGNORE WRITE 

0 1 l' IGNORE IGNORE 

1 0 0 READ IGNORE 

1 0 1 READ INHIBIT 

1 1 0 WRITE INHIBIT 

1 1 1 ' IGNORE IGNORE 

Refresh Options 

Immediately after system reset, the state of the 
REFRQ input pin is examined. If REFRQ is high, the 
8208 provides the user with the choice between self­
refresh and user-generated refresh with failsafe 
protection. Failsafe protection guarantees that if the 
user does not come back with another refresh request 
before the internal refresh interval counter times out, 
a refresh request will be automatically generated. If 
the REFRQ pin is low immediately after a reset, then 
the user has the choice of a singh:! external refresh 
cycle witho~t failsafe, burst refresh or no refresh. 

Internal Refresh Only 

For the 8208 to generate internal refresh requests, 
it is necessary only to strap the REFRQ input pin high. 

External Refresh with Failsafe 

To allow user-generated refresh requests with failsafe 
protection, it is necessary to holCl the REFRQ input 
high until after reset. Thereafter, a low-ta-high transi­
tion on this input causes Ii refresh request to be 
generated and the internal refresh interval counter 
to be reset. A high-to~low transition'has no effect on 
the 8208. A refresh request is not reCognized until 
a ,previous request has been serviced. 

External Refresh without Failsafe 

To generate single external refresh requests without 
failsafe protection, it is necessary to hold REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period will cause a refresh request to be 
generated. A refresh request is not recognized until 
a previous request has been serviced. 

Burst Refresh 

Burst refresh is implemented through the same 
procedure as a single external refresh without failsafe 
(Le., REFRQ is kept low until after reset). Thereafter, 
bringing REFRO high for at least two clOCk periods 
will cause a burst of up to 128 row address locations 
to be refreshed. Any refresh request is not recogniz­
ed until a previous request has been serviced (Le. 
burst is completed). 

No Refresh 

It is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refreSh is accomplished by 
keeping REFRQ low. 

Option Program Data Word 

The program data word consists of 9 program data 
bits, POO-P08. If the first program data bit, PD~ is 
set to logic 0, the 8208 is configured to support iAPX 
186, 188, 86, or 88 systems. The remaining bits, 
P01-P08, may then be programmed to optimize a 
selected system configuration. A default of all zeros 
in the remaining program bits optimizes the 8208 
timing for 8 MHz Intel CPUs using 150 nS (or faster) 
dynamic RAMs with no performance penalty. Figure 
5 shows the various options that can be programmed 
into the 8208. 

Using an Extemal Shift Register 

The 8208 may be programmed by using an external 
shift register with asynchronous load capability such 
as a 74lS165. The reset pulse serves to parallel load 
the shift register and the 8208 supplies the clocking 
signal (PClK) to shift the data into the ~O~ pr?gram­
ming pin. Figure 6 showl! a sample circuit diagram 
of an external shift register Circuit. 

Serial data is shifted into the 8208 via the POI pin (33), 
and clock is provided by the WE/PClK pin (23), which 
generates a total of 9, clock pulses. After program­
ming is complete, data appearing at the input of the 
POI pin is ignored. WE/PClK is a dual function pin. 
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During programming, it serves to clock the external 
shift register, and after programming is completed, 
it reverts to the write enab,le RAM control output pin. 
As the pin changes state to provide the write enable 
signal to the dynamic RAM alTay, it continues to clock 
the shift register. This does not present a problem 
beca,use data at the POI pin is ignored after program· , 
mingo Figure 7 illustrates the timing requirements of 
the shift register. 

PD8 PD7 PD~ 

PROGRAM 
DATA BIT NAME POI,.ARITY IFUNCTION 

PD~ CFS MUST BE ZERO , 
'PD1 S 'S' = 0 SYNCHRONOUS 

S = 1 ASYNCHRONOUS 

PD2 RFS RFS = 0 FAST RAM 
RFS = 1 SLOW RAM 

PD3 RB RAM BANK OCCuPANCY 
SEE TABLE 2 

PD4 CI1 COUNT INTERVAL BIT 1; SEE TABLE 6 

PDS CIO COUNT INTERVAL BIT 0; SEE TABLE 6 

PD6 PLS PLS = 0 LONG REFRESH PERIOD 
PLS = 1 SHORT REFRESH PERIOD 

PD7 FFS FFS = 0 FAST CPU FREQUENCY 
m = 1 SLOW CPU FREQUENCY 

poe x X=OAACK 
x,= 1 XAcK 

" 

Figure 5. Program Data Word 

ClK 

Default Programming Options 

After reset, the 8208 serially shifts in a program data 
word via the POI pin. This pin may be strapped low, 
or connected to an external shift register. Strapping 
POI low causes the 8208 to default to the iAPX 186 
system configuration. Table 4 shows the character· 
istics of the default configuration. If further system 
flexibility is needed, one external shift register, like 
a 74LS165, can be used to tailor the 8208 to its 
operating environment. Figure 8 illustrates an iAPX 
186 and 8208 system. 

Table 4. Programming, POI Pin Tied to Ground. 

Synchronous 80186 interface 

2 RAM banks occupied 

Fast processor clock frequency (8 MHz) 

Fast RAM (Note 1) 

Refresh interval uses 118 clocks 

128 row refresh in 2 ms; 256 row refresh 
in 4 ms 

Advanced ACK strobe 

NOTE: 
1. For iAPX 186 systems either slow or fast (150 or 100 ns) 

RAMS are ok t9 use. 

~~~ 
~ ,TLOAD,.: 6 

POI ==::)(~---'='---'--::-:PO:-:'o------"""X P01 , X P02 x:: 
NOTES: 

TRTVCL 
TPGVCL 
TCLPC 
TLOAO 

-' Reset is an asynchronous input, if reset occurs before'TRTVCL, then it is guaranteed to be recognized. 
- Minimum POI '(aJid time prior to reset going low. 
- MUx/PCLK delay.' 
- Asynchronous load data propagation delay. 

« Figure 6. Timing Illustrating External Shift Register Requirements for Programming the 8208. 
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Figure 7. External Shift, Register Interface 
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+5V 
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WR 
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8208 
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~ 
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Figure 8. 8208 Interface to an 80186 
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Synchronous/Asynchronous Mode 
(S program bit) 

, 
The 8208 may be independently configured to ac~t 
syl'lchronoufj or asynchronous commands (RD, WR, 
PCTL) and Port Enable (PE) via the S program bit. 
The state of the S programming bit determines 
whether the interface is synchronous or 
asynchronous. 

While the 8208 may be configured with either the 
80186 Status or Command (MUL TIBUS) interface in 
the Synchronous mode, certain restrictions exist in 
the Asynchronous mode. An Asynchronous-Command 
interface using the, control lines of the MUL TIBUS is 
supported, and an Asynchronous-80186 Status inter­
face using tile status lines of the 80186 is supported, 
with the use of TIL gates as illustrated in Figure 2. ' 
In the 80186 case, the TIL gates are needed to . 
guarantee that status does not appear at the 8208's 
inputs too much before address, so that a cycle would 
start before address was valid. 

Microprocessor Clock Cycle Option 
(CFS and FFS program bits 

The 8208 can be programmed to interface with 
microprocessors with slow cycle microprocessors like 
the 8086, 8088, 80186, and 80188 cycle timing. The 
CFS bit configures the microprocessor interface to 
accept signals from either microprocessof group or 
commands from MUL TIBUS. The CFS programming 
bit must be programmed to logiC O. 

The FFS option is used to select the speed of the 
microprocessor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. The external clock frequency must be 

, programmed so that the failsafe refresh repetition 
circuitry can adjust its internal timing accordingly to 
produce a refresh request as programmed. 

Table ,5. Microprocessor Clock' 
Frequency Options. 

Program Bits 
Processor Clock 

CFS FFS Frequency 

0 0 iAPX 86,,88,186 5 MHz 

0 1 iAPX 86,88,186 8 MHz 

RAM S~eed Option (RFS program bit) 

The RAM Speed programming 'option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slOvV is measured 
relative to the 2118-10 (Fast) or the 2118-15 (Slow) 
RAM specifications. 

Refresh Period Options 
(CIO CI1 and PLS program bits) 

The 8208 refreshes with either 128 rows every 2 
milliseconds or the 256 rows every 4 milliseconds. 
This translates to one refresh cycle being executed 
approximately once every 15.6 microseconds. This 
rate can be changed to 256 rows every 2 milliseconds 
or a refresh approximately once every 7.8 micro­
seconds via the Period Long/Short, program bit PLS, 

. programming option. 

The Count Interval 0 (CIO) and Count Interval 1 (CI1) 
programming options allow the rate at which refresh 
requests are generated to be increased in order to 
permit refresh requests to be generated close to the 
15.6 or 7.8 miorosecond period when the 8208 is 
operating at reduced frequencies. The interval bet­
ween refreshes is decreased by 0%,10%,20%, or 
30% as a function of how the count interval bits are 
programmed. A 5% guardband is built-in to allow for 
any clock frequency variations. Table 6 shows the 
refresh period options available. ' 

Table 6. Refresh Count Interval Table 

Count Interval C11, CIO (8208 Clock Periods) 

Ref. 
Freq. Period 00 01 10 11 
(MHz) (~) CFS PLS FFS (0%) (10%) (20%) (30%) 

8 15.6 0 1 1 118 106 94 82 

7.8 0 0 1 59 53 47 41 

5 15.6 0 1 0 74 66 58 50 

7.8 0 0 0 37 33 29 25 
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The numbers tabulated under Count Interval repre­
sent the number of clock periods between internal 
refresh requests. The percentages in parentheses 
repr~nt the decrease in the interval between refresh 
requests. Note that all intervals have a built-in 5% 
(approximately) safety factor to compensate for minor 
clock frequency deviations and non-immediate 
response to internal refresh requests. 

Processor Timing 

In order to run without wait states, AACK must be 
used and connected to the SRDY input of the 
appropriate bus controller. AACR is issued relative 
to a P9int within the RAM cycle and has no fixed rela­
tionship to the processor's request. The timing is 
such, however, that the processor will run without wait 
states, barring refresh cycles, and bank precharge. 
In slow cycle, fast RAM configurations (8086,80186), 
AAa<is issued on the same same clock cycle that 
issues RAS. 

Port Enable (PE) set-up time requirements depend 
on whether the 8208 is configured for synchronous 
or asynchronous, fast or slow cycle ~ration. In a 
synchronous fast cycle configuration, fiE is required 
to be set-~ to the same 'clock edge as the com­
mands. If PE is true (low), a RAM cycle is started; if 
not, the cycle is aborted. 

In asynchronous operation, PE is required to be set­
up to the same clock edgEl as the internally syn­
chronized status or commands. Externally, this allows 
the internal synchronization delay to be added to the 
status (or command) -to-PE delay time, thus allow­
ing for more external decode time than is available 
in synchronous operation. 

The minimum.§'nchronizalion delay is the additional 
amount that PE must be held valid. If PI: is not held 
valid for the maximum synchronization delay time, it 
is possible that PE will go invalid prior to the status 
or command being synchronized. In such a case the 
8208 aborts the cycle. If a memory cycle intended for 
the 8208 is aborted, then no acknowledge (AACK or 
XACK) is issued and the processor locks up in endless 
wait states. 

Memory Acknowledge (AACK, I XAeR) 

Two type of memory acknowledge signals are sup­
plied by the 8208. They are the Advanced 
Acknowledge strobe (~CR) and the Transfer 
Acknowledge strobe (XA . The S programming bit 
optimizes AACK for synchronous operation ("early" 
AACR) or asynchronous operation ("late" AACK). 
Both the early and late ~ strobes are two clocks 

long. The XACK strobe is asserted when data is valid 
(for reads) or when data may be removed (for writes) 
and meets the MULTIBUS requirements. ~ is 
removed asynchronously by the command going 
inactive. 

Since in a asynchronous operation the 8208 removes 
read data before late AA<m or mR is recognized 
by the CPU, the user must provide for data latching 
in the system until the CPU reads the data. In syn-' 
chronous operation data latching is unnecessary, 
since the 8208 will not remove data until the CPU has 
read it. 

If the X programming bit is high, the strobe is con­
figured as XACK, while if the bit is low, the strobe is 
configured as AACK. 

Data will always be valid a fixed time after the 
occurrence of the advanced acknowledge. Thus, the 
advanced acknowledge may also serve as a RAM 
cycle timing indicator. • 

General System Considerations 

The RASO,1, CASO,1 and AOO-8 output buffers are 
designed to directly drive the heavy capacitive loads 
associated with dynamic RAM arrays. To keep the 
RAM driver outputs from ringing excessively in the 
system environment it is necessary to match the 
output impedance with the RAM array by using series 
resistors. Each application may have different im­
pedance characteristics and may require different 
series resistance values. The series resistance values 
should be determined for each application. 

Using' the Timing Charts 

The notation used to indicate which clock edge 
triggers an output transition is "n t" or "n''', where 
"n" is the number of clock periods that have passed 
since clock 0, the reference clock, and "t" refers to 
rising edge and "r' to falling edge. A clock period 
is defined as the interval from a clock falling edge to 
the follwoing falling edge. Clock edges are defined 
as shown below. 

~n +. n+1-1 

l I I I L 
(n-1)r nt nt (n+1)t (n+1)t 
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The clock. edges which trigger transitions on each 
8208 output are tabulated in Table 7. "H" refers to 
the high-going transition, and "L" to low-going tran­
sition; "V refers to .valid, and "V" to non valid. 
Clock 0 is defined as the clock in· which the 8208 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was. stored previously but could not be 
serviced at the time of its arrival because the 8208 
'was performillQ another memory cycle, Clock Ornay 

be identified externally by the leading edge of RAS, _ 
which is always triggered on ot 

NOTES FOR INTERPRETING THE TIMING CHARTS: 
1. COLUMN ADDRESS is the time column address 

becomes valid. 

2. The CAS, EAAOK, LAACK and XACK outputs are not 
issued during refresh. 

3. XACK - high is reset asynchronously by command go­
ing inactive and not be a clock edge. 

Table 7. Timing Chart. 

COLUMN 
RAS ADDRESS CAS 

CYCLE L H V V L H 

RD,RF (}l, 2~ O~ 2~ O~ 3~ 

WR O~ 4~ O~ 3,), H 4+ 

8208-DRAMllnterface Parameter Equations 

Several DRAM parameters, but not all, are a direct 
function of 8208 timings, and the equations for these 
parameters are given in the following tables. The 
following is a list of those DRAM parameters which 
have NOT been included in the following tables,. with 
an explanation for their exclusion. 

READ, WRITE 
REFRESH CYCLES 

tRAC: response parameter. 
tCAC: response parameter. 
tREF: See "Refresh Period Options". 
tCRP: must be met only if CAS-only cycles, 

which do not occur with 8208, exist. 
tRAH: See "AC. Characteristics" 
tRCD: See "AC. Characteristics" 
tASC: See "AC. Characteristics" 
tASR: See "AC. Characteristics" 
tOFF: response parameter. 

WRITE CYCLE 

tOS: system-dependent parameter. 
tOH: system-dependent parameter. 
tOHR: system-dependent parameter. 

NOTES: 
1. 'Minimum. 
2. Value on right is maximum; value on left is minimum. 
3. Applies to the eight warm-up cycles during initialization 

only. 
4. TP'c TCLCL 

T26 = TCLRSL 
T34 = TCLCSL 

'. 
T35 = TCLCSH 
T36 = TCLW 
TaUF = TTL buffer delay 

H 

-
0-1-

.6.-210 

WE EAACK LAACK XACK 

L L H L H L H 

- 0+ 2-1- H 3-1- 2-1- RD 

4f (}l, 2-1- 1t 3f 2,), WR 

Table 8. RD, RF & WR Cycles 

Parameter Rd. RF Cycles Notes 
tRP 2TCLCL-T26 1 

tCPN 2.5TCLCL-T35 1 
tRSH 3TCLCL-T34 1 

tCSH 3TCLCL-T26 1 
. tCAH 2TCLCL-T34 1 

tAR 2TCLCL-T26 1 
tT 3/30 2 

tRC 4TCLCL 1 
tRAS 2TCLCL-T26 1 
tCAS 3TCLCL-T34 1 

tRCS 1.5TCLCL-TCL-T36-TaUF 1 
tRCH 0.5TCLCL-T34 1 

Parameter WR Cycles Notes 
tRP . 2TCLCL-126 1 

tCPN 2.5TCLCL-T35 . 1 

tRSH 3TCLCL-134 1 
tCSH 4TCLCL-126 1 
tCAH 2TCLCL'-134 1 
tAR 3TCLCL-T26 1 
tT 3/30 2 

tRC 6TCLCL 1 
tRAS 4TCLCL-T26 1 
tCAS TCLCL-T~ 1 
tWCH . 3TCLCL-1'34 1, 3 
tWCR 4TCLCL-T26 1,3 
tWP 4tCLCL-T36-TaUF 1 
tRWL 4TCLCL-T36-TaUF 1 

tCWL I 4TCLCL-T36-TaUF 1 
TWCS tCLCL-T36-TaUF 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature 

Under Bias................... O°C to +70·C 
Storage Temperature ........ " -65°C to +150°C 
Voltage On Any Pin With 

Respect to Ground. . . . . . . . . . . . .. - .5V to + 7V 
Power Dissipation ....... '" .. .. .. . . . .. 2 Watts 

NOTICE: Stress above those listed under ''Absolute 
. Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA:: O°C to +70oC, Vcc = 5.0V ± 5% Vss :: GND) 

Symbol Parameter Min. Max. Units Comments 

V,l Input Low Voltage -0.5 +0.8 .V 

V,H Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V Note 1 

VOH Output High Voltage 2.4 V Note 1 

VROl 
RAM Output 

0.45 V Note 1 
Low Voltage 

VROH 
RAM Output 

2.6 V Note 1 
High Voltage 

Icc Supply Current 280 rnA TA = 25°C 

III Input Leakage Current +10 pA OV::; V,N ::; Vee 

VCl 
Clock Input 

-0.5 +0.6 V 
Low Voltage 

VCH 
Clock Input 

3.8 Vcc + 0.5 V 
High Voltage 

C'N Input Capacitance 20 pF Ic = 1 MHz 

NOTES: 
1. 10l = 8 mA and 10H = -0.2 mA (typically 10l = 10 mA and 10H = -0.2SmAl 

8208 

A.C. Testing Load Circuit 

RASo,1 ~----" 
CASo,1 !----.-JV\ " __ ...r> 

AOo.s '---.oJ"" 

Other Outputs Co.s 

::::c. c,-
RRAS = 390 -::- CRAS = 150 pF 
RCAS = 390 CCAS = 150 pF 

RAO = 220 CAO = 200 pF 
RL :: 390 CL :: .150 pF 

A.C. Testing Input, Output Waveform 

::' 24)~ .... 0_2:_: ___ :_::--JX,",, __ 

6-211 

A.C. Testing inputs (except clock) are driven at 
2.4V for a logic ".1" and 0.45V for a logic "0" 
(clock is driven at 4.0V and 0.45V for logic" 1" 
and "0" respectively). Timing measurements are 
made at 2.0V, 2.4V for logic "1" and 0.8 V for logic 
"0", 
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• 
A.C. CHARACTISTICS <Ta = 0 to 70 C 'E:c = + 5V ± 5%) 

Measurements made with resPect to RASo. 1 J CAS(k 1, ~ are at 2.4V and O.S V. All other pins are 
measured at 2.0V and O.SV. All times in nsec unless otherwise jndi~ted. AC testing done with specified 

-~,' , 
CLOCK AND PROGRAMMING 

8208 820M 

Ref. Symbol PBIWMla' Min. ..... Min. Max. Units Notes 

- IF Clock Rise Time 10 15 ns 

- tF Clock Fall Time 10 15 ns 

1 TClCl Clock Period 125 500 200 500 ns 

2 TCl Clock Low Time TCLCLf2.12 TClCU2·12 ns 

3 TCH Clock High TIme TClCU3 TClCU3 ns 

4 TRTVCl Reset to ClK~ Set!.p 40 65 ns 1 

5 TRTH Reset Pulse Width 4 TClCL 4 TClCl ns 

6 TPGVRTl PCTl. POI. RFRQ 125 200 ns 2 
to RESEn SetuP 

7 TRTlPGX PCTI. RFRQ 10 10 ns 
tQ RESEn Hold 

8 TClPCl PClK from ClK~ Oelay 45 65 ns 

9 TPOVCl POI to ClK~ Setup 80 100 ns 

10 TClPOX POI to CLK~ Hold 40 65 ns 3 

SYNCHRONOUS~PINTERFACE 

11 TKVCH 'RD. WFf, PCTL 20 30 ns 
TO CLKt SetuP 

12 TClKX Fm. wn. I'E', PCTL 0 0 ns 
to CLK~ Hold 

13 TPEVCl ~ to ClK~ Setup 30 50 ns 

ASYNCHRONOUS~PINrERFACE 

14 TRWVCl 1m, WJ!I to CLK~ Setup 20 30 ns 

15 ' TRWl RO, iJiiI!i Pulse Wid1h 2TClCl+30 2TClCl+50 ns 

16 TRWlPEV JSE from 1m. wrU Delay TClCL-30 TClCl·50 ns 
17 TRWlPEX JSE'to 1m, WFI~ Hold 2TClCL+30 2TClCl+50 ns 
18 TRWlPT PCTl from 1m, iJiiI!i~ Oelay TClCl-30 TCLCl-50 ns 
19 TRWlPTX PCTl to RD, WR~ Hold 2TClCl+30 2TCLCl+50 ns 

RAM INTERFACE 

20 TAVCl Al, AH. as to ClK~ Setup 35+tASR 55 + tASR ns 4 

21 TCLAX Al. AH, BS tOlClK~ Hold , 0 0 ns 

22 TClRSl ~ from CLK~ Delay ~ '55 ns 

23 tRCO ~ to eAS Delay TClCU2-25 ns 5,7.8 
75 80 ns 6,7.8 

24 TClRSH mt from ClK~ Delay 50 70 ns 

25 !ASR Row AO to m~ Setup 4.10 

26 tRAH ROW' AO to Jim Hold TClCU4-10 ns 5.7,9 
,40 30 ns 6,7,9 

27 tASC Column AO to CAm 
Setup 5 5 ns 7.1-'.,12 

28 tCAH Column AO to eAS Hold (See DRAM Interface Tables) 13 
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A.C. CHARACTERISTICS (Continued) 

RAM Interface (Continued) 
8208 8208-5 

Ref. Symbol Parameter Min. Max. Min. Max. 

29' TCLCSL C2"~ from CLK~ Delay TCLCU2 TCLCU1.8 + 53 TCLCU2 TCLCU1.8+7B 

30 TCLCSH ~t from CLK~ Delay. , 50 70 

31 TCLWH WEt from CLK~ Delay TCLCU2 TCLCU1.8 + 53 TCLCU2 , TCLCU1.8 + 78 

32 TCLWL WE~ from CLK~ Delay 35 
, 

55 

33 TCLTKL ;ti;CR~ from CLK~ D8lay .35 55 

34, TRWLTKH ~t from l'IDt. mit Delay 50 80 

35 TCLAKL ~~ from CLK~ Dalay 35 55 

36 TCLAKH AACKt from CLK~ Dalay 50 70 

REFRESH REQUEST 

37 TRFVCL 

36 TCLRFX 

39 TFRFH 

40 TRFXCL 

41 TBRFH 

RFRO to CLK~ Setl4l 20 30 

RFRO'to CLK~ Hold 10 10 

Failsafe RFRO Pulse Width TCLCL+3O,o TCLCL+50 

Single RFRO inactlw 20 30 
to CLK~ SetuP. 

Burst RFRO Pulse Width 2TCLCL+3O 2TCLCL+50 

NOTES: 
1. RESET is internally synchronized to ClK. Hence a set-up time is 

required only to guarantee its recognition at a particular clock edge. 
2. The first programming bit (POO) is also sampled by RESET going low_ 
3. TClPD~ is guaranteed if programming data is shifted using PClK. 
4. tASR is a user specified parameter and its value should be added 

accordingly to TAVCL. 
5. When programmed in Slow Cycle mode and 125 ns" TClCl < 200 ns. 
6. When programmed in Slow Cycle mode and 200 ns " TClCL. 
7. Specification for Test load Conditions. 
8. tRCD (actual) = tRCD (specificatio,n) + 0.06 (ACRAS) - 0.06 (ACCAS) 

where AC = C (test load) - C (actual) in pF. " , 
9. tRAH (actual) = tRAH (specification) + 0.06 (ACRAS) - 0.022 (ACAO) 

where de = C (test load) - C (actual) in pF. 
10. IASR (actual) = IASR (specificatio!) + 0.06 (ACAO) - 0.025 (ACRAS) 

where AC =.C (test load) :.. C (actual) in'pF. 
11. IASC (actua~ = tASC (specification) + 0.06 (ACAO) - 0.025 (ACCAS) 

where Ae =·C (test load) - G (actual) in pF. 
,~2.,IASC is a function of clock frequency and thus varies with changes 

in frequency. A minimum value is specified. 
13. See 8208 DRAM Interface Tables. 
14. TFRFH and TBRFH pertain to asynchronous operation only. 
15. Single RFRQ cannot be supplied asynchronously. 
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WAVEFORMS 
, Clock and Programming Timings 

ClK 

RESET--t=~~~~~~~~~-------+------~--~--------____ ~-+ __________ ~ 
PCTl 

® @ REFRQ 

POI POO POl 

WE1PClK ~-----'''''''''f'J--------------~,.®_8 ______ ®--,-J' 

RAM Warm-up Cycles 

'--_____ .-11 
WE-;::7--~~;~~OG--R~AM-M-I~:~~c--------------------------~L~----lA-S-T-R-A-M-W-A-R-~-U-P----~'--­

i RESET i FIRST RAM WARM-UP CYCLE 
:' i 

NOTE: 
The present example assumes a RAS four clocks long. 

Synchronous Port Interface 

ClK 

SLOW CYCLE 
Im.ViR 

~OWCYClE 

SLOW CYCLE 
PeTL 
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WAVEFORMS '(Continued) 

Asynchronous Port Interface 

ClK 

SLOW CYCLE 
rm,wrt 

SLOW CYCLE 
PCTl 

INTERNAL 
CYCLE REQUEST 

Refresh Request TIming 

CLK __ -, 

~~~~~REFESH ______ '"'\ 

SINGLE REFESH 
REQUEST 

8208 

BURST REFRESH 5 
REQUEST f® ':}@ 

-----------' @ ----------
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WAVEFORMS (Continued) 

RAM Interface Timing 

CLOCK 0 

CLK ~~~ 

COMMAND 

INTERNAL 
CYCLE REQUEST 

ALO - ALa 
AHO - AHa 
BSo - BS1 

RAS 

AOo -AOa 

CAS 

WE 

XACK 

, 

--~@ 
)t -

Note: 

~ 
I, 

= @-=' 

@ @ 

II!!.; I 

t---@ 
@H @ 

I--® 
1 

~. 
'\~ 

I 

~~ 

~. 
-¥-

~ 
.L 

~ 
1\. 

fo-@j I--@ 

~ 

~ 
I 

I-X. 

Dashed waveform indicates that either clock edge may cause the signal transition 

6-216 230734-001 



8207 

8207 User's Manual 

AUGUST 1983 

6-217 
NOVEMBER 1983 

ORDER NUMBER: 230822-001 



8~07 

CHAPTJ;:R 1 
INTROOUCTION 

This guide is a supplement to the 8207 Data Sheetl and is intended as a design aid and not a stand­
alone description of the 8207. The reader should already have read and have a copy of the 8207 Data 
Sheet, 8206 Error Detection and Correction Unit Data Sheet (EDCU), a microprocessor Data Sheet, 
or a Multibus bus specification for interfacing to the 8207, and a dynamic RAM Data Sheet2. 

The'Intel 8207 Advanced Dynamic RAM Controller is a high performance, highly integrated device, 
designed to interface 16k, 64k, and 2S6k dynamic RAMS to Intel microprocessors. The 8207, with 
the 8206, provides complete control for memory initialization, error correction, and automatic error 
scrUbbing. I, 

The 8207 has several speed selected versions. The standard part is specified for clock speeds up to 
16 MHz in "fast cycle" configurations, and up to 8 Mhz in "slow cycle" configurations. The -2 part 
can only be used in slow cycle configurations up to 8 Mhz. The -5 is limited to slow cycle con­
figurations of 5 MHz or less and, as a result, has some relaxed A.C. timings. 

NOTE: 
(1) The most current Data Sheet.is dated July, 1983 
(2) All RAM cycle timings and references are based on Intel's, 2164A Dynamic RAMs, APR '82 

Data Sheet. 
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CHAPTER 2' 
PROGRAMMING THE 8207 

The many configurations of bus structures, RAM speeds, and system requirement~ that the 8207 
supports require the 8207 to be programmable. The 8207 will modify its outputs to provide the best 
performance possible. The 8207 must be told what type of interface the memory commands will 
arrive on, what type of RAM (speed, refresh rate) is being used, the clock rate, and others. 

The 8207 uses two means to be informed of the user;s requirements. It reads in a 16 bit serial program 
word and examines the logic states on several input pins. The pins that are sampled for a logic level 
give the user options on the types of refresh and memory command input timing. 

Input Pin Options 

The three input pins that configure part of the 8207 are: PCTLA, PCTLB, and REFRQ. Let's 
examine the options in refresh types the REFRQ pin provides. ' 

Refresh types: 

The 8207 gives the user a choice of the following refresh types. 

1) Internal Refresh: All refresh cycles are generated internally - based on an internal 
programmable time. 

, 
2) External Refresh with Failsafe: If the external logic does not generate a refresh cycle within 

the programmed period, the 8207 will. 

3) External Refresh - No Failsafe or No Refresh; All refresh cycles are generated at times 
by the user. This is for systems that cannot tolerate the random delay imposed by refresh 
(i.e. graphics memory). 

4) Burst Refresh: The 8207 generates UP to 128 consecutive refresh cycles and must be requested 
by external logic. Memory requests will be performed when the burst is completed. 

The 8207 examines the state of the REFRQ pin when RESET goes inactive. This timing is shown in 
the "Clock and Programming Timings" waveforms in the Data Sheet. 

If REFRQ is sampled active by the falling edge of RESET, the 8207's internal timer is enabled. The 
timer's period.is determined by the CIO, CIl, and PLS bits in the program word. External refresh 
cycles are generated by a low'to high transition on the REFRQ input. This transition, besides generating 
a refresh cycle, also resets the internal timer to zero. Simply tie REFRQ to Vcc if internal refresh 
is required. 

If REFRQ is seen low at the falling edge of RESET, the internal timer is deactivated. All refresh cycles 
must either be done by external logic or by accessing all RAM (internal) rows within a 2 ms period. 

Once the no failsafe option is programmed, the 8207 will generate a burst of up to 128 refresh cycles 
when the REFRQ input goes from low to high andsainpled high for two consecutive clock edges. 
These cycles are internally counted and the 8207 stops when the refresh address counter reaches the 
value XX11111112 (X = don't care; see Refresh Counter section). If prior to the burst request the 
counter is at XXllllll02 then only 2 ref~esh cyCles would be generated. 
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For a single refresh cycle to be generated via external logic, the REFRQ input will have to go from 
low to high and then sample high by a falling 8207. clock·edge. Since external refresh requests typically 
arrive asynchronously with respect to the 8207's clock,this requires the REFRQ to be synchronized 
to the 8207 clock when programmed in the failsafe mode. This is to ensure that the request is seen 
for one clock - no more, no less. If no external synchronization is performed, then the 8207 could 
do random bur~t cycles. 

Processor Interface Options: 
! • 

The PCTLA, PCTLB input pins will program the 8207 to accept either the standard demultiplexed 
RD and WR inputs, or to directly decode the status outputs of Intel's iAPX86, 88 family of 
microprocessors. The state definitiolls of the status lines and their timings, relative to the processor 
clock, differ for the 8086 family and the. iAPX286 processor. Table 1 illustrates how the 8207 
interprets these inputs after the PCTL pins are programmed. 

If PCTL is seen high, as RESET goes inactive, and 8086 status interface is enabled. The commands 
arriving at the 8207 are sampled by a rising clock edge. When PCTL is low, the 80286 status and 
Multibus command interface is selected. These commands are sampled by the 8207 by a falling clock 
edge. 

More information on interfacing to processors is contained in the Microprocessor Interface section. 

Table 1. Status Coding of 8086, 80186 and 
80286 

Status Code Function 

S2 S1 SO 8086/80186 80286 

0 0 0 Interrupt Interrupt 

0 0 1 110 Read 1/0 Read 

0 1 0 1/0 Write 1/0 Write 

·0 1 1 Halt Idle 

1 0 q Instruction Halt 
Fetch 

1 0 1 Memory Read Memory Read 

1 1 0 Memory Write Memory Write 

1 1 1 Idle Idle 

Programming Word· 

8207 Response 

8207 Function 
Command 

8086 Command 
PCTL RD WR Status Interface 

Interface 

0 0 0 Ignore Ignore 

0 0 1 Ignore Read 

0 1 0 Ignore Write 

0 1 1 Ignore Ignore 

1 0 0 Read Ignore 

1 0 1 Read Inhibit 

1 1 0 Write Inhibit 

1 1 1 Ignore Ignore 

The 8207 requires more information to operate in a wide variety of systems. The 8207 alters its 
timings and pin functions to operate with the 8206ECC chip. The programming options allow the 
designer to use asynchronous or synchronous buse~, various clock rates, various speeds and types of 
RAM, and others. This is detailed in Table 2. 

This data is supplied to the 8201 over the POI input pin. There are two methods of supplying this 
data. One is to strap the PDI pin high or low with the subsequent restrictiol:1s on your system. Table 
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3 shows the required system configuration. Note that your only option when strapping this pin high 
or low is error correction or not. 

If any other configurations are required, then the programming data will have to be supplied by one 
. or two 74LS165 type shift registers. Note that the sense of tjte bits in the program word change 
between Eee and non-Bee configurations. 

Table 2a. 
Non-ECC Mode Program Data Word 

PD15 PD8 PD7 PDO 

I 0 I SA I 0 I 
Program 
Data Bit Name Polarity/Function 

PDO ECC ECC= 0 For non-ECC mode 

PD1 SA SA = 0 Port A is synchronous 
SA = 1 Port A is asynchronous 

PD2 SB SB = 0 Port B is asynchronous 
. SB = 1 . Port B is synchronous 

PD3 CFS ~=O Fast-cycle iAPX 286 mode 
CFS = 1 Siow-cycle iAPX 86 mode 

PD4 RFS 8E.§ = 0 Fast RAM 
RFS = 1 Slow RAM 

PD5 RBO RAM bank occupancy , 
PD6 RB1 See Table 4 

PD7 CI1 Count interval bit 1: see Table 6 in 8207 data sheet 
PD8 CIO Count .interval bit 0: see Table 6 in 8207 data sheet 

PD9 (5[S PcS=O Long refresh period 
Pi:S = 1 Short refresh period 

PD10 .EXT EXT = 0 Not extended 
EXT = 1 Extended 

PD11 FFS FFS = 0 Fast CPU frequency 
FFS = 1 Slow CPU frequency 

PD12 !SPA I515R = 0 . Most recently used port priority 
PPR = 1 Port A preferred priority 

PD13 TM1 TM1 = 0 Test mode 1 off 
TM1 = 1 Tellt mode 1 enabled 

PD14 0 Reserved must be zero 

PD15 0 Reserved must be zero 
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Table 2b 
ECC Mode Program Data Word 

PD15 PD8 PD7 PD~ 

IMI RB1 I RBO I PPR I FFS I ~I PLS I CIO I CI1 I XB I XA I RFS I CFS I .sB I SA I 1 I 
Program 
Data Bit Name Polarity/Function 

PD~ ECC ECC = 1 ECC mode 

PD1 SA SA= 0 Port A is asynchronous (late MCI<) 
SA"= 1 Port It is synchronous (early MCI<) 

PD2 SB SB = 0 Port B is synchronous (early MCI<) 
SB= 1 Port B is asynchronous (late MCI<) 

PD3 CFS CFS = 0 Siow-cycle iAPX 86 mode 
CFS = 1 Fast-cycle iAPX 286 mode 

PD4 RFS RFS = 0 Slow RAM 
RFS = 1 Fast RAM 

PD5 XA XA= 0 Multibus-compatible XACKA 
XA = 1 MCKA not multiQus-compatible 

P06 XB . XB = 0 AACKB not multi bus-compatible 
XB= 1 Multibus-compatible XACKB 

P07 CI1 Count interval bit 1: see Table 6 in 8207 data sheet 
P08 CIO Count interval bit 0: see Table 6 in 8207 data sheet 

P09 PLS PLS = 0 Short refresh period 
PLS = 1 Long refresh period 

P010 EXT EXT = 0 Master and slave EOCU 
EXT EXT = 1 Master EOCU only 

P011 FFS FFS = 0 Slow CPU frequency 
FFS = 1 Fast CPU frequency 

P012 PPR PPR = 0 Port A preferred priority 
PPR = 1 Most recently used port priority 

P013 RBO RAM bank occupancy 
P014 RB1 See Table 4 

P015 TM2 TM2 = 0 Test mode 2 enabled 
TM2= 1 Test mode 2 off 

Table 3. 8207 D~fault Programming 

~ort A is Synchronous-has early MCK 

Port B is Asychronous-has late AACK 

Fast RAM 

Refresh Interval uses 236 clocks 

128 Row refresh in 2 ms; 256 Row refresh in 4 ms,. 

Fast Processor Clock Frequency (16 MHz) 

"Most Recently Used" Priority Scheme 

4 RAM banks occupied 
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Reset 

If Port A is changed to an asynchronous interface (via the SA bit), then one of two precautions must 
be taken. Either a differentiated reset must be provided, or else software must not access the 8207 
controller RAM for a short period. The 8207 is either adding o{ deleting internal synchronizing 
circuits. If a command is received during this changing, the 8207 may not perform properly. This 
is required only if Port A is changed to asynchronous, or if Port B is changed to synchronous. 

Several of the bits in the program word determine a particular configuration of the 8207 (reference 
Tables }O, 11 and the 8207 Data Sheet). The bits are: CFS, CLOCK fast or slow; RFS, RAM access 
time fast or slow (fast refers to 100 ns - slow is everything greater); and EXT, for memory data word 
widths greater than 16 (22) bits. Generally speaking, CO is the fastest cQnfiguration at clock 
frequencies up to 16 MHz, both in the ECC or non-ECC charts. 'C3' is the fastest for 8 MHz clocks 
in non-ECC mode, and 'C4' is the fastest configuration when using ECC. 

Take, for example, a 16 MHz 8207 clock with no error correction, a 16 bit word, and 150 ns (slowly) 
dynamic RAMs. Table 10, in the 8207 data sheet, is used to· arrive at the configuration "Cl." The 
Timing chart Table 12 in the 8207 Data Sheet is then used to determine which clock edge to reference 
all timings from. The Waveforms diagrams then are used to d,etermine the delay from the clock edge. 

, 
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CHAPTER 3 
RAM INTERFACE 

The 8207 takes the memory addresses from the microprocessor bus and multiplexes them into row 
and column addresses as require4 by dynamic RAMs. The only hardware requirement when inter­
facing the 820Tto dynamic RAM are series resistors on all the RAM outputs of the 8207, and proper 
layout of the traces (see Intel's RAM Data Sheets or the Memory Design Handbook). This section 
mainly details the effects and requirements of input signals to the 8207 on the RAM array. 

The 8207 contains an internal address counter used for refresh and error scrubbing (when using the 
8206 EDCU) cycles. The 8207 has 18 address inputs (AILO-AIL8 and AIHO-AIH8) which are multiplexed 
to form 9 address outputs (AOO-A08). There are also 2 bank select (BSO, BSl) inputs for up to 4 banks 
of RAM. The Bank Selec;t inputs'are decoded internally to generate RASand (;AS outputs. 

Refresh Interval 

The 8207 supports four different refresh techniques as described in the Refresh Options section. In 
addition, the rate at which refresh cycles are performed is programmable. This is necessary because 
the refresh period is generated from the CLK input, which may vary over a wide range of frequencies. 
Programming the Cycle Fast/Slow (CFS) and Frequency Fast/Slow (FFS) bits automatically reprograms 
the refresh timer to generate the correct refresh interval for a clock frequency of 16, 10, 8, or 5 MHz 
(CFS, FFS = 11, 10,01, and 00, respectively)., For clock frequencies between those, Count Interval 
(CIl, CIO) programming bits allow "fine tuning" of the refresh interval. Refresh will always be done 
often enough to satisfy the RAM's requirements without doing refresh more often than needed and 
wasting memory bandwidth for all clock frequencies. 

Refresh Counter 

The internal refresh address counter of the 8207 contains 20 bits as organized in Figure 1. 

17 16 15 14 13 12 11 10 9 
Col addr 

8 7 6 5 4 3 2 
Rowaddr 

Figure 1. 8207 Refresh Address Counter 

o 

In non-ECC mode, the refresh address counter does not count beyond bit 8. For standard RAMs, 
this will refresh 128 rows every 2 ms or 256 rows every 4 ms. 

In ECC mode, the 8207 automatically checks the RAM for errors during refresh. This requires it to 
access each of the possible 220 words of memory. The 8207 does not delete any of these bits when 
used with 16k and 64k dynamic RAMs. Each column would be scrubbed 4 times with 16k RAMs, 
and twice with 64 RAMs. This will have no detrimental effect on reliability. Banks of RAM that are 
not occupied, as indicated to the 8207 by the RBO, RBI programming bits, will not be scrubbed. 

Bank Selects BSO, BS1; RBO, RB1 

The 8207 is designed to drive up to 88 RAMs in various configurations. The 8207 takes 2 inputs, BSO, 
BSt, and decodes'them based on 2 programming bits, RBO, RBI, to generate the required RAS/CAS 
strobes. Additionally, the 8207 will always recognize (not programmable) whether an access is made 
to the same RAM bank or to a different bank. The 8207 will interleave the accesses resulting in 
improved performance. 

6.,224 230822-001 



inter 8207 

RAS and CAS Reallocation 

The 8207's address lines are designed to drive up to 88 RAMs directly (through impedance matching 
resistors). The 4 lAS and CAS outputs drive up to' 22 RAMs per bank (16 data plus 6 check bits 
with the 8206). Under these conditions, the 8207' will meet all RAM timing requirements. See 
Figure 2 for an example. . 

RASii" 
~ 8 BITS 8 lilTS 

RAS1 
8 BITS CAS1 8 BITS 

8207 
AC»8 

RAS2 
8 BITS 8 BITS CA§2 

BSO 
BS1 

RAS3 
~ 8 BITS 8 BITS 

'ECC OPTIONAL 

Figure 2. 8207 4 RAM Bank Configuration 

The 8207 can accommodate other configurations like a 32 bit error corrected memory system. Each 
bank would have 39 RAMs (32 + 7 check bits) with the total number of RAMs equal to 78. This is 
within the address drivers capability, but the 39 RAMs per bank exceeds the RAS and CAS drivers 
limits. The loading of the RAS/CAS drivers should not exCeed 22 RAMs per bank, otherwise critical 
row, column address setup, and hold times would be violated. 

In order to prevent these critical timings being violated, the 8207 will re-allocate the RAS and CAS 
drivers based on the RBO, RBI programming bits (see Table 4). If the RBO, RBI bits are ptogrammed 
for 2 banks, the 8207 will operate RASO and RASI as a pair along with RAS2 and~, CASU and' 
CASl, and CAS2 and CASJ. Now the address drivers would be loaded by 78 RAMs and the m/CAS 
drivers by 20 RAMs. This relative loading is almost identical to the first,case of four ,banks of 
22 RAMs each. Drive reallocation allows a wide range of memory configurations to be used and still 
maintain optimal memory timings. Figure 3 shows a 32 bit n~n-error corrected configuration. 

These programming bits do not help to qualify RAM cycles. Their purpose is to reallocate RAS/CAS 
drivers. FOI; example, if there is one bank of RAM and the bank select inputs (BSO, BSl) select any 
other bank and no provision is made 'to deselect the 8207 (via PE), the 8207 will do a RAM cycle 
and issue an acknowledge. This happens irregardless of the RBO, RBI programmed value. See the 
Optional RAM Bank's section to provide for, this., 
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Table 4. RAM Bank Selection Decoding 
and Word Expansion 

Program Bank 
m/CA§ Pair Allocation Bits Input 

RB1 RBO B1 eo 
0 0 0 0 RA%3. c-ASo-3 to Bank 0 

9 0 0 1 Illegal Bank Input 

0 0 1 0 Illegal Bank Input 

0 ·0 1 1 Illegal Bank Input 

0 1 0 0 -mo.1. 'm'0.1 to Bank 0 

0 1 0 1 RA1;2 3. c-AS2.3 to Bank 1 

0 1 1 0 Illegal Bank Input 

0 1 1 1 Illegal Bank Input 

1 0 0 0 .RASO. CA-SO to Bank 0 

1 0 0 1 m1. ~1 to Bank 1 

·1 0 1 0 "RAS2. c-AS2 to Bank 2 

1 0 1 1 Illegal Bank Input 

1 1 0 0 Jf~ "CAS0 to Bank 0 

1 1 0 1 "R"AS1. c-AS1 to Bank 1 

1 1 1 0 ~2. -CAS2 to Bank 2 

1 1 1 1 "RAS3. CAS3 to Bank 3 

RA81 
CAS1 

am f----I ..... 16BIT8 J9 
AQOo8 

RA82 Ir-;:: 8 elm ---' . ~ 
1681T8 

IQ"fi' 
eAS3 

8207 

Figure 3. 8207 2 RAM Bank Configuration 
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Scrubbing 

An additional function of the RBO, RBI bits, besides RAS/CAS allocation, is to inform the 8207 
of how many banks are physically present. The 8207 will, during the refresh cycle, read data from 
a location and check to see that data and check bits are correct. If there is an error, the 8207 lengthens 
the refresh cycle'and writes the corrected data back into RAM. Scrubbing the entire memory 'greatly 
reduces the chance of an uncorrectable error occurring. See the Refresh section for more detail on 
scrubbbing. 

Refresh Cycles 

The 8207 performs RAS only refre~h cycles in non-ECC systems. It outputs all 8207 control signals 
except for CAS and acknowledges. The real delay in a system due to refresh would be a fraction of 
that value1. The length of the refresh cycle is always 2tRP + tRAS, and varies based upon the 
programmed 82q7 configuration, 

In error-corrected systems, the refresh cycle is actually a read cycle. The 8207 outputs a row adqress, 
then all RAS outputs go active. Next, a column address is output and then CAS. The CAS output 
is based upon the RBO, RBI allocation bits. Figure 4a shows the general timing for a four bank system, 
and Figure 4b shows a two bank system. 

ROW ROW 

~~--------------------- ~~--------------------
CASO \L-___ _ CASO, 1 \'-----
CAS1-3 CAS2.3 

4 BANKS 2 BANKS 

Figure 4. Refresh Cycles for Error Corrected Systems 

(1) Measurements have shown a delay of 2-40/0 on program execution time compared to programs 
running without refresh. 
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The 8207 sends the read out word through the 8206 EDCU to check for any errors. If no errors, t.he 
refresh cycle ends. If an error is discovered, the 8207 lengthens the cycle. An error is determined if 
the ERROR output of the 8206 is seen .active at. the same edge that the 8207 issues the R/W output. 
The cycle is then lengthened to a RMW cycle. If the ~rror was correctable, t~e corrected data is writ­
ten back to the location it was. read from. But, if the data is uncorrectable, the cycle is still lengthened 
to a RMW, but no write pulse is issued. To aid in stabilizing the RAM ciutput data and the Error 
flag, puiIup resistors o( 10k ohms on the data out lines are recommended. 

Scrubbing removes soft errors that may accumulate until a double-bit error occurs, which would halt 
the system. Hard single-bit failures will not stop the system, but could slow it down. This is because 
read and refresh cycles lengthen to correct the data. 

For large RAM arrays s~me form of error logging or diagnostics should be consider~d. 

Interleaving 

T~~ term "interleaving" is often used to refer to overlapping the cycle times of multiple banks (or 
boards Or systems) of RAMs. This has the advantage of using relatively slow cycle time banks to achieve 
a faster perceived cycle time at the processing unit. The drawbacks of interleaving are more logic to 
handle the necessary control and, for maximum performance, the program should execute sequen­
tially through the addresses. 

Dynamic RAM cycles consist of 2 parts - the RAS active time (tRAS in Dynamic RAM Data Sheets) 
and precharge time (tRP). The sum of these two times are roughly equal to the cycle time of the RAM. 
The 8207 determines how long these two periods are, based on the configuration the user picked (via 
the programming bits). Bank interleaving, as used by the 8207, is slightly different than the previous 
definition. The 8207 will overlap the precharge time of one bank with the access time of another bank. 
In either case, the advantage is the effective cycle time is reduced without having to use faster RAMs. 

For interleaving to take place there must be more than 1 bank of RAM connected to the 8207. 
Interleaving is not practical with 3 banks of RAM because 3 is not a power of 2 (the 2 bank inputs 
BSO, BS1). So, interleaving works only for 2 or 4 banks of RAM. Note that it is easy enough to use 
three banks of RAM where the bank select inputs are connected to the highest-order address line. 
For instance, if three banks of 21(i4s are used in an 8086 system, and located at address OH, bank 
selects BSO and BS1 would be connected to microprocessor addresses A17 and A18, respectively. Banks 
0-2 would be accessed in the address ranges OH - FFFFH, 10000H-1FFFFH, and 20000H - 2FFFFH, 
respectively. In this case, consecutive addresses are almost always in the same bank and very little 
interleaving can take place. . 

Figure 5 shows the effects on the performance of the processor with and without interleaving. In both 
examples, consecutive accesses to the same bank will add 1 wait state to the second access, but no 
wait states to consecutive accesses to different banks. Irregardless of the 8207 configuration, there 
will always be a minimum 1 wait state added without interleaving. Therefore, interleaving is very highly 
recommended! 

Interleaving is accomplished by connecting the 8207's BSO, BS1 inputs to the microprocessor's low 
order word address lines. Each consecutive address is then located in a different bank of RAM. About 
90070 of memory accesses are sequential, so interleaving will occur about 90% of the time in a single 
port system. 

In a dual port system, the advantages of interleaving are a function of the number of banks of memory. 
Since the memory accesses of the two ports are presumably independent, and both ports are continuously· 
accessing memory, the 8207 arbiter will tend to interleave accesses from each port (Le., Port A, Port 
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Figure 5. Processor Performance With and Without Interleaving 
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B, Port A, PortB, ... ). Ifthere are two banks of RAM interleaving, will occur 50OJo of the time 'and, 
if there are four banks of RAM, interleaving will take place 75OJo of the timel . To the extent that 
a single port generates a majority of memory cycles, interleaving efficiency will approach 9OOJo as 
described in the previous paragraph. 

(1) Don't get confused here. The paragraph is talking about interleaving memory requests from 
both ports, and their probability of accessing one of ,the other banks of RAM where tRP 
has been satisfied. The 8207 will leave the RAM precharge time out if consecutive accesses go 
to different banks. The 8207 RAM timing logic does not care which port requests a RAM cycle. 
requests a RAM cycle. , ' " , 

Optional RAM Banks 

Many users allow various RAM array sizes for customer options and future growth. Some care must 
be taken during the design to allow for this. Three items should be considered to-permit optional RAM' 
banks. 

The first item is th..!tiotal RAM size. The 8207 starts a memory cycle based only upon a valid status 
or command and PE active. So some logic will be required to deselect the 8207 (via PE) when the, 
addressed location does not exist within the current memory size. A 7485 type magnitude comparator 
works well. 

The second item to consider is the BSO, BSI inputs. With one bank of RAM these inputs are tied 
to ground. Four banks of RAM require two address inputs. So, if the design ever needs four banks 
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,'of RAM, iheIi the BOO, BSt inputs must be connected to address lines. Selecting a' non-existant RAM 
bank is illqgaI. Figure 6 shows a non-interleaved method. 

A19 
~>-______ ~ ______________________ ~ ~l 

A18 ~>-----1-~----------------------~ ~o 

8207 

7485 

Figure 6. Non-Interleaved 8207 Selection Ci~cuit 

With designs using interleaving, the least significant word address lines are connected to the BSO, BSI 
inputs. With two banks of RAM, At from the Intel processor is connected to BSO. A2 is connected 
to 'BSt, but not allowed to function witil four banks are present. However, A2 must still be used 
since addresses increase sequentially. Two possible ways of implementing this are shown in Figure 
7 below. 

240 

, A19' A19 

AH7 
A18 

A2 
8207 8207 

A2 

BSl 

Al 

~ 
Al 

~--
PE 

A18 A 

7485 F 
Figure 7. Interleaved 8207 Selection Circuits 
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The final consideration is for the RAS/CAS outputs. Remember that when the RBO, RBI bits are 
programmed for two banks, then RASQ, 1 operates in tandem (non-ECC mode/ECC mode - the 00 
outputs also work in tandem). Figure 8 shows the proper layout. 

RAM BANK 

RASO/CASO 

RAS2ICAS2 OPTIONAL BANK 

8207 

2 
RASlICAS1 OPTIONAL BANK 

RAS3ICAS3 
OPTIONAL BANK 

Figure 8. RAM Bank Layout 

Write Enables - Byte Marks 

The write enable supplied by the 8207 cannot drive the RAM array directly. It is intended to be 
NAND with the processor supplied byte marks in a non-ECC system. In error-corrected systems, the 
write enable output should be inverted before being used by RAMs. Only full word read/writes are 
allowed in ECC systems. The changing of byte data occurs in the 8206 EDCU. 

For single and dual port systems, the byte mark data (AO, BHE) must be latched. The 8207 can (and 
will) change the input addresses midway through a RAM cycle. 

Memory Warm-up and Initialization 

After programming, the 8207 performs 8 RAM warm-up cycles. The warm-up cycles are to prepare 
the RAMs for proper operation. If the 8207 is configured for ECC, it will then prewrite zeros into 
the entire array. 

All RAS outputs are driven active for these cycles, once every 32 clock periods. The prewrite cycles 
are equivalent to write cycles, except all RAS and GAS will go active, data is generated by the 8206, 
and the address is generated by the 8207. 

RAM Cycles/Timings 

Tables 12 and 13 of the 8207 Data Sheet show on what clock edge each of the 8207 outputs are generated. 
This, together with the timing waveforms and A.C. parameters, allows the user to calculate the 
timings of the 8207 for each of its configurations. To make the job easier, Tables 14-18 of the 8207 
Data Sheet precalculate dynamic RAM timings for each 8207 configuration and type of cycle. All 
that is required is to plug in numerical values for the 8207 'parameters. 
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Write Cycles. 

The 8207 always issues WE after CAS has gone valid. These types of cycles are known as "late writes." 
The 8207 does this primarily to interface to the iAPX286 processor bus timings. Late writes require 
separate data in and data out traces to the RAM array, plus the additional drivers. 

Data Latches 

The 8207 is designed to meet data setup and hold times for the iAPX86 family processors when using 
a synchronous status interface (see Microprocessor Interface section). Other types of interfaces will 
require external data latches. This is because the CAS pulse is a fixed length - the user has no control 
(besides programming options) over lengthening CAS; When CAS goes inactive, data out of the RAMs 
will disappear. Asynchronous interfaces should use XACK or LAACK to latch the data. 
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CHAPTER 4 
. MICROPROCESSOR INTERFACES 

The 8207 is designed to be directly compatible with all Intel iAPX86, 186, 188, and 286 processor",. 
For maximum performance, the 8207 will directly decode the status lines and operate off of the pro­
cessor's clock. Additionally, the;. 8207 interfaces easily to other bus types that support demultiplexed 
address and data with separate read and write strobes. 

Bus interfaces 

The 8207 easily supports either an asynchronous or synchronous command timing. The command 
timing can also bel adjusted for various processors via the PCTL pin. '. 

MEMORY COMMANDS 

There are four inputs for each port of the 8207 that initiate a memory cycle. The input pins are W.!, 
· RD, PCTL, and PE. Th~ first three inputs connect directly to the iAPX 86. 88, 186, 188 SO-S2 
outputs, respectively. For the 80286, the same connections are used except that PCTL is tied to ground. 
In all configurations PE is decoded from the address bus. Multibus type commands use the same 
input setup as the 80286. . , 

COMMAND/STATUS INTERFACE 

· The status interface for the 80186 and the 80286 differ both in timing and meaning. The 8207 can 
be optimized for either processor by programming the PCTL input pin at RESET time. S2 in 80186 
systems, connects directly to PCTL. When the processor is reset it drives Si high for one clock, then 
tristates it. A pullup resistor to +S will program the PCTL input: for the 80186 status interface when 
RESET goes inactive. A pullup is required only if no component has this pullup internally. 

To optimize the 8207 for the 80286 interface, pcn is tied to ground and not used in 80286 systems. 
Multibus commands are similar in meaning to the 80286 status interface, and are programmed the 
same way. In Multibus type systems, PCTL can be used as an inhibit to allow shadow memory. PCTL 
would be driven high, when required, to prevent the 8207 from performing a memory cycle. It would 
be connected to the Multibus INH pin through an inverter. . 

SYNCHRONOUS/ASYNCHRONOUS COMMANDS 

Each port of the 8207 can be configured to accept either a synchronous or asynchronous (via 
programming bits) memory request. Minimum memory request decode time .(and maxjmum per­
formance) is achieved using a synchronous status interface. This type of interface to t\le processor 
requires no logic for the user to implement. 

· An asynchronous interface is used with Multibus bus interfaces when the setup and hold times of 
the memory commands cannot be guaranteed. Synchronizers are added to the inputs and will require 
up to two clocks for the 8207 to recognize the command. It should be obvious that better performance 
will result if the 8207's clock is run as fast as possible. 

Figure 2 of the 8207 Data Sheet shows various combinations of interfaces. The additional logic for 
the asynchronous interfaces is used to either lengthen the command width, to meet the minimum 8207 
spec, or to make sure the command does not arrive too soon before the address has stabilized. 
PORT ENABLE .. i 

. The FE inputs serve t2..9.ualify a metnory·request. A RAM cycle, once started, Cannot be stopp~.d. 
A RAM cYcle starts if PE is seen active at the proper clock edge and a valid coinmand is recognized. 
If FE is activated after a command has gone active and iI).active, no Cycle will start. .. . . 
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Types of logic that work well are 74118 and 7485. P~ should be valid as much as possible before 
the command arrives because, as the address bus switches and settles, gli~ches on PE could either: 
disqualify a memory cycle; delay a memory cycle; or start a memory cycle when none should have. 
Refer to the Port Interface Waveforms in the Data Sheet. If Port Enable is not seen active by the 
next or same clock edge, no memory cycle will occur, unless the command is removed. and brought 
active again. / 

Back to Back Commands 

Holding the E, 'WR: inputs active will not generate continuous memory cycles. Memory commands 
. must go inactive for at least one clock period before another memory request at that port will be 
considered valid. Holding the inputs active will not keep the other portJrom gaining access to the 
RAM. The only signal that can prevent the other port's gaining access to the RAM is LOCK. 

Address Inputs (And LOCK) 

Two pins control the address inputs on the 8207, MUX and LEN. Neither are us~d.for single port 
8086 based systems. MUX is used for dual port configurations, and LEN is u'sed for single and dual 
port 80286 based systems. MUX is used to gate the proper ports addresses to the 8207. If the output 
is high, Port A is selected. If it is low, Port B is selected. 

The cross coupled NAND gates, shown in the 8207 Data Sheet (Figure 3), are used to minimize 
contention when switching address buses. Use of a single inverter would have both outputs enabled 
simultaneously for a short period. The cross coupled hand gates allow only one output enabled .. 

MUX also allows the single LOCK input to be multiplexed between ports. Figure 9 shows how to 
multiplex the LOCK input. for dual port systems. See the LOCK section for more information. 

TO ADDR LATCH A EN 

Lc5CKB 

MUX 

8207 

---l.,..;.. 

LOCK LOCKA 

TO ADDR LATCH B EN 

Figure 9. Dual Port LOCK Input Circuit 

MUX TIMING 

The MUX output is optimized by the Port Arbitration scheme, which is selected in the program word. 
Figure 10 shows the effects on memory selected in the program word. Figure 10 shows the effects 
on memory bandwidth with the different schemes. Port A Preferred optimizes consecutive cycles, for 
POrt A. Consecutive. Port B cycles have at least 1 clock added to their cycle time. There'w0uld be 
no MUX delays [or any Port A request. , ' 
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The Most Recently Used scheme allows either port to generate consecutive cycles without any MUX 
delays. The first memory cycle for each port would have the 1 clock delay. But all others would not. 

With either scheme, if both ports request the memory at their top speed, the 8207 will interleave the 
requests; Port A, Port B, Port A, Refresh, Port B. 

\ 

\ 
\ 

8 MHz 

CMDA 

CMDe ---"-\ 
MUX ---__ j~ 

MUX 

Figure 10. Port Arbitration Effects 

LEN 

LEN is used to hold the 80286 addresses when the 8207 cannot respond immediately. The 8207 will 
require a separate address latch, with the ALE input replaced with LEN. LEN optiniizes the address. 
setup and hold times for the 8207. 

LEN goes from high to low when a valid 8207 command is recognized, which latches the 80286 
address. This transition of LEN is independent of a memory cycle starting. The low to high transition 
will occur in the middle of a memory cycle so that the next address will be admitted and subsequently 
latched. . 

. I If Port B is to interface to an 80286 with the synchronous status interface, then LEN must be created 
. using external logic. Figure 11 shows the equivalent 8207 circuit for Port B. 

LOCK 

. The LOCK input allows each port uninterrupted aCcess to memory. It does this by not permitting 
MUX to switch. It is not intended as a means to improve throughput of one of the ports. To do so 
is at the designer's riskl. Obviously, LOC~ is only used in dual port systems. The 8207'irtterprets 
LOCK as originating from the port that MUX is indicating. 

(1) The 8207 will not malfunction if this is done. This is a system level concern. For example, 
Ii time dePendent process may fail if the other port holds LOCK active, preventing its access of 
memory and relinquishing the bus. 
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. RESET 

AACK 

FROM 
80286 CLOCK 

Sci g Si" 

PE 

Figure 11. Port B LEN Circuit 

LOCK from the 8086 may be connected directly to the 8207 or to the multiplexing logic. The 8207 
requires additional logic when interfaced to an 80286. Figure 12 shows both the synchronous and 
asynchronous circuitry. 

For 16 MHz operation, the 8207 ignores the LOCK input during the clock period that MUX switched. 
During 8 MHz operation, the 8207 will see LOCK as being active during the clock period when MUX 
switches. 

The LOCK issued in Multibus bus systems may not be compatible with the 8207. The 8207 references 
LOCK from the beginning of a cycle, while Multibus teferences LOCK from the end of a cycle. The 

82284 

RESET 
V READY' 

ClK 

J PR·O V-r-JPRO 

ALE i-(~ 
82288 

=[>_K r-K 0- Q 

---1> 
80286 

LOCK 

Figure 12a. Synchronous interface 
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80288 

LOCK ~ 

rl> 1 1 
0 

PR 
Q 0 

PR 
Q 

82288 

ALE cLFi Q rl> CLR Q 

L:r 1 
82284 

RESET 
Rm5Y' 

Figure 12b. Asynchronous interface 

Multibus LOCK can be used if it meets the 8207 requirements. If the LOCK timing cannot be guaranteed, 
then additional logic is necessary. The logic would issue LOCK whenever a Multibus command is 
recognized. The drawback t6 this is that MUX cannot switch during the RAM cycle. This would delay 
the other port's memory access by one or two clocks. 

DEADLOCK 

The designer should ensure that a deadlock hazard has not been created in the design. The simple 
interfaces shown previously will not create a deadlock condition when the 8207 controls all system 
memory. If LOCK is issued by both ports, then the above logic would need to be modified t6 remove 
LOCK. ' 

Figure 13 shows an illustration of the problem with a single LOCK input. 

lOP 

LOCK I-'---f MUX 
LOCK 

8207 

Figure 13. Single LOCK Input Circuit 
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Suppose the 8207- starts a locked string transfer for the processor". The Multibus bus port requests 
-a memory cycle but must wait for the processor to remove LOCK. But the processor must access 
Multibus as part of the locked string transfer. We now have a deadlock. The solution is to force LOCK 
inactive whenever an access is made to non-8207 memory by the processor. By doing this we have 
now violated the purpose of LOCK, since the Multibus port could change data. Another solution is 
to ensure that locked data does not exist in physically separate memory. 

8207 Acknowledge's 

The 8207 in non-ECC mode has two active acknowle~er port, AACK and XACK. The AACK 
output is configured into either an "early" or ")ate" AACK based on the SA, SB bits in the program 
data word. In EeC systems there is on~ Acknowledge per port, and it is configured to anyone of 
the three (EAACK, LAACK or XACK) by the programming bits. 

The AACK pin is optimized for either the 80286 or the 8086, based upon the CFS programming bit 
(fast = 80286; slow = 8086). XACK conforms to the Multibus bus specification. XACK requires a 

. tri:state buffer and must not drive the bus directly. 

In synchronous systems, XACK will not go active if the memory command is removed prior to the 
clock period that issues XACK. In asynchronous systems, the AACK pin can also serve as an 
advanced RAM cycle timing indicator. 

Data out, in synchronous systems, should not have to be latched. The 8207 was designed to meet the 
data setup and hold times of Intel processors, the 8086 family, and the 80286. In asynchronous systems, 
the 8207 will remove data before the processor recognizes the Acknowledge (LAACK or XACK). In 
these systems, the data should be latched with transparent type latches (Intel 8282/8283). 

Output Data Control 

Non-ECC 

In single port systems, Intel processors supply the necessary timing signals"to control the input or 
output of data to the RAMs. These control signals are DEN and DT lit Refer to the microprocessor 
handbook for their explanation. If these signals are not available, then PSEN and DBMprovide the 
same function. They can be used directly to control the 8286/8287 bus drivers of the 8207 .. 

Because of the single set of data inlout pins of the RAMs, data must be multiplexed between the 
two ports in dual port systems. The 8207 provides two outputs for contention-free switching. PSEL 
operates the same as the MUX output, in that a high selects Port A and a low selects Port B. PSEN 
acts to enable the selected port. The timing is shown in the 8207 Data Sheet, Port SwitChing Timing 
section. 

The easiest means' of using PSEL and PSEN is shown in Figure 14. At no time will both ports ,be 
enabled simultaneously. 

I 

PSEL g 
I~ I : OE PORTA 

PSEN 

1 
PORTS 

1 
DOE 

Figure 14.PSEL and PSENlnterface Circuit 
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Data Bus - Single Port. 

Recall that the 8207 always perforrr,s a late write cycle and that this· requires separate data in and 
out buses. One option for the data bus is shown in Figure 3 of the 8207 Data Sheet. It requires separate 
data in and out traces on the processor board. 

The second option is to keep the processor's combined data, bus but separate the data at the 8207 
RAM. This is shown in Figure 15. 

PE 

'DBM 

Data Bus - Dual Port 

Non-ECC 

Figure 15. Data Bus Circuit 

RAM 

ARRAY 

TO;tP DATA 
BUS 

The multiplexed data of the 8207 RAM must be kept.isolated so that an access by one port does not 
affect another port. Figure 16 illustrates the control logic. 
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Figure 16. Dual Port Data Bus Control Circuitry 
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CHAPTER 5 
~207 WITH ECC (8206) 

This section points out the proper control of the 8206 EDCU by the 8207. 

The 8207 performs error correction during read and refresh cycles (scrubbing), and initializes memory 
after power up to prevent false errors from causing interrupts to the proceSsor. Since the 8207 must 
refresh RAM, performing scrubbing during' refresh allows it to be accomplished without any 
additional performance penalty. Upon detection of a correctable error during scrubbing, the RAM 
refresh cycle is lengthened slightly to permit the 8206 to correct the error and for the corrected word 
to be rewritten into memory. Uncorrectable errors detected durJng scrubbing are ignored, since the 
processor may never access that memory location. 

Correctable errors detected during a memory read cycle are corrected immediately and written back 
into memory. 

Synchronous/Asynchronous Buses 

The many types of configurations that are supported by the 8207/8206 combination can be broken' 
down into two classes: ECC for synchronous or for asynchronous buses. 

In synchronous bus systems, performance is optimized for processor throughput. In asynchronous 
buses, performance is optimized to get valid data onto the bus as quickly as possible (Multibus). While 
possible to optimize the 8207/8206 for processor throughput in Multibus systems, it is not Multibus 
compatible. The performance optimization is selected via the XA/XB and SA/SB programming bits. 

When optimized for processor throughput, an advanced acknowledge (AACK - early or late) is issued 
at some point (based on the type of processor) so that data will be valid when the processor needs it. 

When optimized for quick data access, an XACK is issued as soon as valid data is known to exist. 
If the data was invalid (based on the ERROR flag), then the XACK is delayed until the 8206 corrects 
the data and the data is on the bus. 

The first example is known as "correct always" mode. The 8206 CRCT pin is tied to ground and 
the 8206 requires time to do the correction. Figure 17 shows this implementation. The quick data 
access method is known as "correct on error." The CRCT pin is tied to the RIW output of the 8207. 
When CRCT is high, the 8206 does not do correction, but still checks the data. This delay is typic~lly 
half of the first. If an error happens, the cycle becomes a RMW and XACK is delayed slightly' so 
that data can be corrected. . 

The correct on error mode is of no real benefit to non-Multibus users. The earliest acknowlege (BAACK) 
is delayed by one clock to allow for the delays thrQ.ugh the 8206. This imposes a 1 wait state delay. 

Byte Marks 

The only real difference to the 8207 system when adding the 8206 is the treatment of byte writes. Because 
the encoded check bits apply only to a whole word (including check bits), .byte writes must not be 
permitted at the RAM. Instead, the altering of byte data is done at the 8206. The byte marks 
previously sent to RAM are now ,sent to the 8206. These byte marks must also qualify the output 
enables of the data drivers. 

The DBM output of the 8207 is meant to be nanded with the processors byte,marks. This output is 
activated only on reads or refreshes. On write cycles, this output stays high which would force the 
8206 byte mark input low. When low, the internal 8206 data out buffers are tristated so that new 
data may be gated into the device: 
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Figure 17. 8206 Interface to the 8207 

Read Modify Writes - ECC 

A RMW cycle occurs whenever a processor wants to do byte writes or when the 8207 has detected 
an error during read or refresh (scrubbing) cycles. A byte write is detected by the FWR input to the 
8207 and is based on the processor supplied byte marks. 

At the start of a RMW cycle, DBM stays high, which, when qualified with the byte marks, will enable 
the..:!!ata out buffer of the 8206 for the unmodified byte, and tristates the buffer for the new byte; 
R/W is high, which tells the 8206 to do error detection and correcting (if CRCT is low). The 8206 
can latch data and check bits from the RAM via the STB input, but the 8207 does not use this feature. 
Instead,the 8207 keeps CAS active the entire length of the,RMW cycle to hQld data at the 8206. The 
new byte data from the processor goes to the 8206 and to the RAM, The 8207 would have corrected 
any errors just read, so the old and new bytes of data, plus their check bits, are available at the RAM, 
and the 8207 generates a write pulse. The data driver for the unmodified byte must not have been 
enabled, otherwise erroneous data would be written to RAM and possibly made valid (if it was stable) 
by the 8206. ' , 

Data Buffer Control - ECC 

The control of the data buffers i~ essentially the same as in non-ECC systems, with a few exceptions. 
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The processor's byte marks must now qualify the output enable logic. The reason was described earlier 
in the RMW section. This applies to both single and dual Port configurations. A refresh cycle outputs 
all the control signals that a read cycle will, except for an.acknowledge. If complete buffer control 
is left to the 8207, then it would occasionally (during refreshes) put data on the processor bus. The 
DEN and DT iR signals must be qualified by the PE input.PE would have to be latched for the entire 
cycle by PSEN. . 

Test Modes 

Neit~er of the two test mocles of the 8207 are to be ,us~d in a design. Both test modes reset the refresh 
address counter to a spc;cific value, which interrupts the refresh sequence and causes loss of data. 

In error corrected systems, a reset pulse causes the 8207/8206 to write over the entire RAM array. 
Test Mode 2 appears to bypass theprewrite sequence. But, the refresh counter is reset to a value of 
IF7 (H). So, besides interrupting the refresh sequepce, the 8207 still prewrites the 8 locations specified 
by the counter. 

To not overwrite the RAM data, the 8207 RESET will have to be isolated from the system reset logic 
in ECC systems. 
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APPENDIX I 
8207/8208 Performance , , , 

The following performance charts were based upon Figure 3 in the 8207 Data Sheet, and apply to 
the 8208 as well. All RAM access delays are based upon Intel dynamic RAMs. The charts show the 
performance of a single cycle with no precharge, refresh, port switching, or arbitration delays. 

Th~ read access catculations are: the margin'between'the 8207 'starting a memory cycle to ~ata valid 
at the processor - 8207 RAS or CAS from clock delaY--'DRAM RAS or CAS access - 8286 propaga­
tion delay - processor setup. 

,Assume the RAS/CAS drivers are loaded with ISO pf, and'the 8286 is driving a 300 pf data bus. 

80286 (example) 

80186 (example) 

,RAS Access: 3TCLCL - 8207 TCLRSL - 2118 tRAC -
8286 TIVOV - 80286 t8 
= (3)62.5 - 35 max - 100 max '- 22 - 10 
= 20 ns 

CAS Access: 2 TCLCL - 8207 TCLCSL - 2164A tCAC -
8286 TIVOV - 80186 TDVCL 
= (2)125 - 115 max - 85 max - 22 - 20 
= 8 ns 
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,8207 Performance (EDC synchronous status Interface) 

Table 5a. Walt States for Different fJP and RAM Combl,natlons 

Walt stet .. at full CPU speed RAM speed 

CPU Freq 100 ns 120 ns 150 ns 200 ns 

1-RD~ WR 1-RD, WR 2-Read 
80286 8 MHz 3-Byte WR 3-Byte WR 1-Write 

CO (3) CO 3-Byte WR Not (1) 
" C2 compatible 

80186, 1-RD, WR 1-RD,WR 1-RD,WR with RAM 

8086/88-2 8 MHz 3-Byte WR ;3-Byte WR 3-Byte WR parameters 

C4 C4, C4 

1 1 1 1-RD, WR 
8086/88 5 MHz C6 C6 C6 3-Byte WR 

C4 

8207 Performance (EDC synchronous status Interface) 

Table 5b. fJP Clock Frequency for Differenc f.IP and "RAM Combinations 

Maximum frequency for 
RAM speed one walt-atate (4) 

CPU Freq 100 ns I 120 ns 150 ns' 200 ns 

80286 8 MHz 7.3 MHz 6 MHz 
CO CO 

80186, 8 ty1Hz 7 MHz 
8086/88-2 FULL SPEED C4 

8086/88 5 MHz 
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8207 Performance (Non-EDC synchronous status interfaCe) 

Table 6a. Walt States for DI~erent lAP and RAM Combinations 

~alt states at full CPU speed RAM speed 

CPU Freq 100 ns 120 ns 150ns 200 ns 

0 1-Read 1-Read Not(1) 
80286 8 MHz CO(3) O-Write O-Write compatible 

C1 C1 with 

80186, 8 MHz 0 0 0(2) RAM 
8086/88-2 C3 C3 C3 parameters 

8086/88 5 MHz, 0 0 0 0 
C3 C3 C3 C3 

Table 6b., lAP CIC)ck Frequency for Different lAP and RAM Combinations 

Maximum frequency for 
RAM speed no walt-state (4) 

CPU Freq 100 ns 120 ns 150 ns 200 ns 

80286 8 MHz 7 MHz 6 MHz 5.3 MHz 

80186, 8 MHz 7 MHz 
8086/88-2 

FULL SPEED 
8086/88 5 MHz 

(1) The 2164A tRAH parameter is not satisfied. 
(2) 150 ns 64K DRAMs with tCAC = 100 ns won't run with 0 wait-states, because they have a longer CAS 

access time than the 2164A-15 (tCAC = 85 ns). 
(3) Numbers in lower right corners are the programmed configurations of the 8207. 
(4) To meet read access time. 
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8207 Performance (multibus interface) 

This is an asynchronous, command interface. Worst case data and transfer acknowledge 
(XACK#) delays. Including synchronization and data buffer delays, are: 

Table 7a. Non·EDC system 

, RAM speed 

100 ns 120 ns 150 ns 200 ns 

Data access time 289ns 299ns 322ns 380ns 

XACK# access time 333ns 450ns 

Table 7b. EDC system 

RAM speed 

100 ns 120 ns 150 ns 200 ns 

Data access time (read) 359ns 369ns 392ns 450ns 
(324 ns)(1] (334 ns) (357 ns) (415 ns) 

XACK# access time 400 ns-RD, WR 520 ns-RD, WR 
588 nS-Byte Write 806 ns-Byte WR 

(1) Numbers in parentheses are for when 8206 is in check-only mode (8206 doesn't do error correction 
until after an error is detected. 
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