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8207

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS
Ambient Temperature

Under Bias ........ Ceeeead ‘ve..—0°Cto+70°C
Storage Temperature .......... —65°C to +150°C
Voltage On Any Pin With

Respect to Ground....... feraereas —5Vto+7V
Power Dissipation..............c.o..... 2.5 Watts

T

D.C. CHARACTERISTICS

(T, = 0°C to +70°C, V,c = 5.0V + 10% for 8207; +

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.

5% for 8207-2 and 8207-5, \lzs = GND)

Symbol " Parameter “Min. Max. Units Comments
Vi Input Low Voltage —0.5 +08 \
Vin Input High Voltage 20 Vec + 0.5 v
VoL Output Low Voltage 0.45 \ Note. 1
Vor Output High Voltage ‘24 \' Note 1
RAM Output
Vrot Low Voltage 0.45 v Note 1
RAM Output . :
VroH High Voltage 26 v Note 1
lec Supply Current 400 mA Ta=25°C
I Input Leakage Current +10 A 0V < Vin< Ve
Clock Input _ i ,
Veu Low Voltage 0.5 +0.6 \
Clock Input
Ver High Voltage 3.8 Vec + 0.5 v
Cin Input Capacitance 20 pF fc =1 MHz
NOTES:

loL = 8 mA and lon = -0.2 mA (Typically lo, = 10 mA and lon = -0.88 mA)

A.C. Testing Load Circuit

A.C. Testing Input, Output Waveform

R

FAS, i

CAS,,
8207 Rao

oo Ao T &
Other Outputs —. “RAS
WY oL

RL =Cpo CAS

Rpas = 399 CL= Cpag = 150 pF
Reas = 392 Ccps = 150 pF
Ry =220 Cag = 380 pF
RL =39 C_ =150 pF

24

20 2.4

0.8 0.8

0.45 -

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"-

6-176
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intel’ 8207 . PRELIMINARY

A.C. CHARACTERISTICS
(Ta = 0°C to 70°C; V¢ = +5V + 10% for 8207; + 5% for 8207-2, 8207-5; Vgg = OV)

Measurements made with respect to RAS, 3, CAS; 3, AOg g , are at 2.4V and 0.8V. All other pins are measured
at 2.0V and 0.8V. All times in nsec unless otherwise indicated. Testing done with speclfled test load.

CLOCK AND PROGRAMMING

8207 & 8207-2 8207-5
Ref. | Symbol ' Parameter Min. Max. Min. Max. | Units | Notes
— | Clock Fall Time 10 10 ns | 35 |
— |, Clock Rise Time 10 10 ns 35
1 | TcLeL | Clock Period 8207 625 250 ns 1
8207 126 500 ns 2
8207-2 125 500 200 500 ns 3
2 | TCL Clock Low Time ' 8207 15 230 ns 1
8207 | TCLCL/2-12 ns 2
8207-2 | TCLCL/2-12 TCLCL/2-12 ns 3
3 | TCH Clock High Time 8207 20 235 ns 1
8207 | TCLCLB3-3 ns 2
8207-2 | TCLCL/3-3 TCLCL/33 ns 3
4 | TRTVCL | Resetto CLK! Setup ~ 40 65 ns 4-
§ | TRTH Reset Pulse Width 4 TCLCL 4 TCLCL ns
6 | TPGVRIL| PCTL, PDI, RFRQ to RESET! Setup 125 200 ns 5
7 | TRTLPGX| PCTL, RFRQ to RESET+ Hold 10 10 ns
8 | TCLPC | PCLK from CLK¢ Delay 45 85 ns
9 | TPDVCL | PDin to CLK} Setup 60 100 ns
10 | TCLPDX | PDIn to CLK¢ Hold 40 65 ns 6
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8207

A.C. CHARACTERISTICS (Continued)
RAM WARM-UP AND INITIALIZATION

| 64 | ToLwzL | WZ trom CLi Delay [ ] 85 et 7 |
SYNCHRONOUS. P PORT INTERFACE o
11* | TPEVCL | PE to CLKi Setup 30 50 2
12 | TKVCL RD, WR, PE, PCTL to CLK¢ Setup 20 30 ns 1
13 | TCLKX | RD, WR, PE, PCTL to CLK4. Hold 0 0 ns
14 | TKVCH | RD, WR, PCTL to CLK} Setup 20 30 ns 2
ASYNCHRONOUS .P PORT INTERFACE
15 | TRWVCL | RD, WR to CLK¢ Setup 30 30 ns 8,9
16 | TRWL RD, WR Pulse Width 2TCLCL+30 2TCLCL+50 ns
17 | TRWLPEV| PE from RD, WR! Delay 8207 TCLCL-20 ns 1
8207 TCLCL-30 ns 2
8207-2 TCLCL-30 TCLCL50 | ns 3
18 | TRWLPEX| PE to RD, WR¢ Hold 2TCLCL+30 2TCLCL+50 ns
19 | TRWLPTV| PCTL from RD, WR! Delay TCLCL-30 TCLCL50 | ns 2
20 | TRWLPTX| PCTL to RD, WR! Hold 2TCLCL+30 2TCLCL+50 s 2
21 | ‘TRWLPTY| PCTL from RD, WR+ Delay 2TCLCL-20 ns 1
22 | TRWLPTX| PGTL to RD, WR¢ Hold 3TCLCL+30 ns 1
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- ®
intel 8207
A.C. CHARACTERISTICS (Continued)
RAM INTERFACE
' 8207 & 8207-2 8207-5
Ref. | Symbol Parameter Min. Max. Min. Max. |Units| Notes
23 | TAVCL AL, AH, BS to CLK} Setup 35 + tASR 55 + tASR ns 10
24 | TCLAX AL, AH, BS TO CLKI Hold 0 0 ns
25 |TCLLN LEN from CLK+ Delay 35 55 - ns
26 |TCLRSL | RASH from CLK¢ Delay 35 55 ns
28 |TCLRSH | RASt from CLK¢ Delay 50 70 ns
27 |tRCD RAS to CAS Delay TCLCL/2-25 ns | 11,1314
75 60 ns 12,13,14
TCLCL-25 ns | 1,1314
29 |tRAH Row AO to RAS} Hold TCLCU410 ns | 11,13,15
40 30 ns 12,13,15
TCLCL/2-10 ns | 1,13,1516
) ns | 13,1517
30 [tASR Row AO to RAS! Setup 10,18
31 tASC Column AO to CAS} S_etup 5 ns [11,13,19,20
5 5 ns 12,13,19
TCLCL/2-26 ns 1,13,19
32 |tCAH Column AO to CAS Hold (See DRAM Interface Tables) 21
33 | TCLCSL CAS! from CLK¢ Delay TCLCL/ |TCLCLA.8+53 [ TCLCL/ ns 11
4+30 "4+30 | TCLCLA1.8+78| ns 12
34 |TCLCSL | CASt from CLK¢ Delay 35 ns 1
35 |TCLCSH | CASt from CLK¢ Delay 50 70 . ns
36 |[TCLW WE from CLK¢ Delay 35 55 ns
37 |TCLTKL | XACK: from CLK Delay 35 55 ns
38 | TRWLTKH | XACK? from RD#, WRt Delay 50 60 S ns
39 |TCLAKL | AACKI from CLK: Delay 35 55 ns
40 |TCLAKH | AACK? from CLK¢ Delay 50 70 ns
41 |TCLDL DBM from CLK+ Delay 35 55 ns
ECC INTERFACE .
42 |TWRLFV | FWR from WR¢ Delay 8207 2TCLCL-40 ‘ ns 1,22
8207-2 TCLCL+ TCLCL* ns 2,22
TCL-40 TCL-65
43 | TFVCL FWR to CLK¢ Setup 40 65 ns 23
44 | TCLFX FWR to CLK+ Hold 0 0 ns 24
45 |TEVCL ERROR to CLK+ Setup 20 © 30 ns 25,26
46 | TCLEX ERROR to CLK¢ Hold 0 0 ns
47 |TCLRL | R/W from CLKi Delay 40 55 ns
48 | TCLRH R/W* from CLK¢ Delay 50 70 ns
49 |TCEVCL | CE to'CLK Setup 20 30 ns 25,27
50 |TCLCEX | CE to CLK# Hold 0 0 ns
51 | TCLES ‘ESTB from CLK+ Delay 35 55 ns
6-179
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A.C. CHARACTERISTICS (Continued) '
PORT SWITCHING AND LOCK ,
‘ ‘ ‘ ) 8207 & 8207-2 . 82075 1
Ref. | Symbol Parameter ' Min. Max. Min. Max. Units | Notes
52 | TCLMV ‘ MUX from CLK{ Delay 45 65 ns
53 | TCLPNV PSEN from CLK{ Delay . TCL 60 TCL 60 ns 28
TCL TCL+35 TCL TCL+35 ns 29
54 | TCLPSV PSEL from CLK{ 35 55 ns
55 | TLKVCL LOCK to CLK! Setup 30 - 50 ns 30,31
56 | TCLLKX | LOCK to CLK+¢ Hold 10 10 ns | 3031
57 | TRWLLKV | LOCK from RD{, WR! Delay : 2TCLCL-30 : '] 2TCLCL-50 ns 31,32
58 | TRWHLKX | LOCK to RDt, WF& Hold ' 3TCLCL+30 3TCLCL+50| ; ns 31,32
REFRESH REQUEST '
59 | TRFVCL RFRQ to CLK{ Setup 20 30 . ns
60 | TCLRFX RFRQ to CLK{ Holq 10 100 ns
61 TFRFH -Failsafe RFRQ Pulse Width TCLCL+30 TCLCL+50 ns 33
62 | TRFXCL Single RFRQ Inactive to CLK# Setup 20 R 30 ns 34
63 | TBRFH Burst RFRQ Pulse Width 2TCLCL+30 2TCLCL+50 ns 33
NOTES:
1 Sp when pr in the Fast Cycle processor mode (iAPX 286 mode). _
2 when prog in the Slow Cycle processor mode (iAPX 186 mode).
3. Must be prog in Slow Cycle p mode. . .
4. RESET |s internally synchmnlzed to CLK. Hence a set-up time 1s required only to gt its g ata { clock edge.
5 The first programming bit (PDO) 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.
8. TRWVCL is not required for an asynchronous cc excepttog Its recognition at a particular clock edge.
9. Valid when programmed in either Fast or Slow Cycie mode.
10. tASR is a user specified parameter and its value should be added accordingly to TAVCL.
11. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns.
12. When programmed in Slow Cycie mode and 200 ns € TCLCL.
13 Specification for Test Load conditions.
14. tRCD (actual) = tRCD (specification) +0.06 (ACgag) - 0.06 (ACaq) where AC = C (test load) - C (actual) in pF. (These are first order approximations.)
15. tRAH (actual) = tRAH (specification) + 0.06 (ACR {AS) 0.022 {AC 5 Where AC = C (test load) - C (actual) in pF. (These are first order approximations.)
16. When programmed in Fast Cycle mode (8207 only) and 62.5 ns < TCLCL < 200 ns.
17 When programmed in Fast Cycle mode (8207 only) and 200 ns < TCLCL.
18. tASR (actual) = tASR (specification) +0 06 (ACpq) - 0.025 (ACRag) Where AC = C (test load) - C (actual) in pF. (These are first order approximations.)
19. tASC (actual) = tASC (specification) +0.06 (ACpg) - 0.025 (ACcag) Where AC=C (tsst load) - C (actual) in pF. (These are first order approximations.)
20. tASC is a function of clock frequency and thus varies with ges in value is specifi
21. See 8207 DRAM Interface Tables 14 - 18. .
22. TWRLFYV is defined for both and asy FWR. Ih in which FWR 1s decoded directly from the address inputs to the 8207. TCLFV 1s

automatically guaranteed by TCLAV.

TFVCL is defined for synchronous FWR .
TCLFV 1s defined for both and FWR in sy in which FWR is decoded directly from the address inputs to the 8207.

TCLFV is automatically guaranteed by TCLAV. ’

ERﬁOR and CE are set-up to CLKV in fast cycle mode and CLK? in slow cycle mode.

ERROR is set-up to the same edge as R/W is referenced to, in RMW cycles

CE is set-up to the same edge as WE is referenced to in RMW cydes.

Specification when TCL < 25 ns.

Specification when TCL > 25 ns.

Synchronous operation only. Must arrive by the second clock falling edge after the clock edge which recognizes the command in order to be effective ,

LOCK must be held active for the entire period the opposite port must be locked out. One clock after the release of LOCK the opposite port will be able to obiam
access to memory.

Asynchronous mode only. in this mode a synchronizer stage s used internally in the 8207 to synchronize up LOCK. TRWLLKV and TRWHLKX are only

required for guaranteeing that LOCK will be recognized for the requesting part, but these parameters are not required for correct 8207 operation

TFRFH and TBRFH pertain to asynchronous operation only.

Single RFRQ cannot by supplied asynchronously

1R and tF are referenced from the 3.5V and 1.0V levels.

B

?838!333’-
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8207 PRELIMINARY
WAVEFORMS
Clock and Programming Timings
DD 5
ok b/ N~ Y S Y SN\
RESET% %L z
PCTL A %% ;
REFRQ f y
PDI 3 DO f PD1 = e
MUX/PCLK: 4 j_U

RAM Warm-up and Memory Initialization Cycles

nsser_._;;\
st/ SL l \ /
WE™ 7 \—
w27 ! Y
AW PROGRAMMING L ~
RESET | i FIRST RAM WARM-UP CYCLE ; ﬁﬁ?ﬁ:ﬁ;ﬁgﬁ%ﬂg&n i
NOTES: ' ' '

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

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.
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PRELIMINARY

WAVEFORMS (Continued)
- Synchronous Port Interface

COMMAND MODE/
FAST CYCLE
RD PE

COMMAND MODE/
FAST CYCLE
PCTL (INHIBIT)

COMMAND MODE/
FAST CYCLE

| INTERNAL INHIBIT

»
<

LO!

'
O
xl

—(11)—>
SLOW CYCLE @
PE

L_
SLOW CYCLE
PCTL j—

INTERNAL

CYCLE REQUEST ?

NOTE:
Refer to Tables 12, 13 when using A.C. timing waveforms

CYCLE

)

@~

/" X/

X

\
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WAVEFORMS (Continued)
" Asynchronous Port Interface

—®

FAST/SLOW CYCLE
D, WR 5 l
— —

0)
®

(19)
®

FAST/SLOW CYCLE __%' ,
PE Z

.___.'
SLOW CYCLE
PCTL

@—— |
@ &
o
FAST CYCLE
PCTL (INHIBIT)

®

FAST CYCLE .
INTERNAL INHIBIT ‘,JL
Vi

INTERNAL [
CYCLE REQUEST 7
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WAVEFORMS (Continued)
RAM Interface Timing
ECC and Non-ECC Mode

CLOCK 0

. COMMAND —\ ' ' —

INTERNAL

CYCLE REQUEST e/ A

ALg - ALg
AHg - AHg
BSg - BSq

LEN

RAS

-

AOg - AOg

CAS

_..t
e | /[F

__ | ~@1 4—:] -
XACK Ay
\ .
AACK - - %1
_ «@j
DBM e

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

ABLE

_de N l®
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WAVEFORMS (Continued)

Port Switching and Lock Timing
oK _/'Se_/'\r_/'NF/'\_/'S.-_/’Nr_/'l YAVAWAWAW
COMMAND
PORT A \ 'S
|
COMMAND .
,
PORTB  \ @ -@-i . \ /
"ux‘Pon'r A 1 PORT B PORT A , \PORT B IF LOCK = 0
S =\ @_ /| \ /
psEN ‘@ P / A
PSEL I*{@
PORT A PORT B 7 _PORTA @) @ L
1 1
LocK L7\ [\ Z\ 4
FAST CYCLE | ] | 1 e
INTERNAL LOCK , NOTE:
DISABLE ’ Transients during MUX switching.

Refresh Request Timing

FAILSAFE REFRESH
.| REQUEST

SINGLE REFRESH
REQUEST

;
@ {
BURST REFRESH : f .
REQUEST @
I \

cik Jﬁxr_/—\_/_\_

B
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WAVEFORMS (Continued) ’

ECC Interface Timing
CLOCK 0 ‘
ak— ¥ T XY Y N S
COMMAND
(WR)
INTERNAL
CYCLE REQUEST ____| 7] @ *—
L —
FAST CYCLE .
R VALID K
® @
po——
:%w CYCLE VALID K
1
.@ _.4 —
ERROR VALID -
—_— 47 — —
AW
\Y /
XACK
X .
@
®) @
CE VALID’
ESTB C
) N 7
SR
WE 7/
NOTE: . /
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 slow cycle configurations. Table 13A shows which clock and clock edge these
signals are set-up in the R/W L column.
2. CE is set-up to the same edge as WE is referenced to in RMW cycles.
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CONFIGURATION TIMING CHARTS

The timing charts that follow are based 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.

Table 10. Non-ECC System Configurations
Non-ECC Mode: PD0=0

'6-187

Timing Cont. CFS(PD3) RFS(PD4) EXT(PD10) FFS(PD11)
Co iAPX286(0) FAST RAM(0) NOT EXT(0) 10 MHZ(1)
Co iAPX286(0) FAST RAM(0) EXT(1) 10 MHZ(1)
Co iAPX286(0) SLOW RAM(1) NOT EXT(0) 10 MHZ(1)
Co iAPX286(0) SLOW RAM(1) EXT(1) 10 MHZ(1)
Co iAPX286(0) FAST RAM(0) NOT EXT(0) 16 MHZ(0)
Cs iAPX286(0) SLOW RAM(1) NOT EXT(0) 16 MHZ(0)
C iAPX286(0) FAST RAM(0) EXT(1) 16 MHZ(0)
Cz iAPX286(0) SLOW RAM(1) EXT(1) 16 MHZ(0)
Cs iAPX186(1) FAST RAM(0) NOT EXT(0) 8 MHZ(0)
Cs IAPX186(1) SLOW RAM(1) NOT EXT(0) 8 MHZ(0)
Cs iAPX186(1) FAST RAM(0) EXT(1) 8 MHZ(0)
Cs iAPX186(1) FAST RAM(0) NOT EXT(0) 5 MHZ(1)
Cs iAPX186(1) FAST RAM(0) EXT(1) 5 MHZ(1)

© Cs iAPX186(1) SLOW RAM(1) NOT EXT(0) 5 MHZ(1)
Cs iAPX186(1) SLOW RAM(1) EXT(1) 5 MHZ(1)
Cs iAPX186(1) SLOW RAM(1) EXT(1) 8 MHZ(0)
ECC Mode: PDO=1 Table 11. ECC System Configurations

Timing Cont. CFS(PD3) RFS(PD4) EXT(PD10) FFS(PD11)
Co 1APX286(1) SLOW RAM(0) M/S EDCU(0) 10 MHZ(0)
Co iAPX286(1) SLOW RAM(0) M EDCU(1) 10 MHZ(0)
Co 1APX286(1) FAST RAM(1) M/S EDCU(0) 10 MHZ(0)
Co iAPX286(1) - FAST RAM(1) M EDCU(1) 10 MHZ(0)
Co iAPX286(1) FAST RAM(1) M EDCU(1) 16 MHZ(1)
o8 1APX286(1) SLOW RAM(0) M EDCU(1) 16 MHZ(1)
Ce iAPX286(1) FAST RAM(1) M/S EDCU(0) 16 MHZ(1)
Ca 1APX286(1) SLOW RAM(0) M/S EDCU(0) 16 MHZ(1)
Ca | 1APX186(0) SLOW RAM(0) M/S EDCU(0) 5 MHZ(0)
Ca iAPX186(0) FAST RAM(1) M/S EDCU(0) 5 MHZ(0)
Cs iAPX186(0) SLOW RAM(0) M EDCU(1) 8 MHZ(1) -
Ca iAPX186(0) FAST RAM(1) M EDCU(1) 8 MHZ(1)
Cs iAPX186(0) SLOW RAM(0) M/S EDCU(0) 8 MHZ(1)
Cs iAPX186(0) FAST RAM(1) M/S EDCU(0) 8 MHZ(1)
Ce 1APX186(0) SLOW RAM(0) M EDCU(1) 5 MHZ(0)
Ce iAPX186(0) FAST RAM(1) M EDCU(1) 5 MHZ(0)
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Using the Timing Charts

The notation used to indicate which clock edge
triggers an output transition is “nt” 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 “l to falling edge. A clock period is
defined as the interval from a clock falling edge to
the following falling edge. Clock edges are defmed
as shown below.

le——N—pie—n+1—>!

(n—1) nt ni (n+1)t (n+1)

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 “V"” to non-valid.

Clock 0 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 O!.

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 can occur.
LEN s only activated by port A configured in Fast

6-188

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.

. ADDRESS - col is the time column address

becomes valid.

. In non-ECC mode the CAS, EAACK, LAACK and

XACK outputs are not issued during refresh.

. 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 withouterror: 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.

. XACK - high is reset asynchronously by command

going inactive and not by a clock edge.

. MUX - valid is given as the latest time it can occur.

210463-003
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Table 13 A. Timing Chart — ECC Mode
PSEN | PSEL | DEM | LEN | RAS | CAS | R/W WE

C.lcYCLE|H| L |V|V|L|H{L|H|L|H|L|H|L|H|H]|L
RD,RF|Ov |5+ |0 |6 |oi|6l |0 |20 |oi|a|1]el

Co| WR [O¢+|5¢ |06l ol2|o |6 |1u]|6 |1fe6]|3]el
RMW [0+ |80 |oi|oi|oi|oifon[2a|o|o [1]|9 [4]9 |6l |9
RD,RF |04 | 54 |0/ | 61| 0|61 | O |20 |01 |4 |1]el

e wr [ov|st o o200 |6 [1]6l|1|6|3]6l
RMW [0 |81 |0 | oi|oi|o|o |20 |o{o || |4 |o|6l]|al
RD,RF|OL |64 |0 | 7i | i |7i o [20 o s | 1|7

C.| 'WR |0t |6 |07 ojlajoa|nlu|n|u|{n|4a|n
RMW |OV (104} 0 [ 11| of [11] or |20 | o |11 |1 [11 |5 |11 |8 |11
RD,RF|OV |6 [Oi | 7i|on[7i o |2 |on |5 [1]7

Ca| WR |ov |6t |0 | 70| o l2aflo|nfuln|u|lnlaln
RMW |0 104 | 0t [ 114 ob [110) o |20 [or |11 |1 [110 |5 |11 8 |11
RD,RF [0V [3v [0 4 |0 fa|oi|2i|o[3 [0 |4

Ce| WR |O¢ |4 |05l o (20 |0 |5 |oi|5 |1t ]|5 |3t]85
RMW |Ov fev |0 |7 |oi [ 7i]oi |20 fou |78 [ou |70 |3t |78 |5t |7
RD,RF [0V (34 (Ol |4l [0l |4 [0 {20 |0 [3 |0 | .

Cs| WR |ov |4 |05l o |20 |o |5 [oi]|5 |11 |5 |3t]sl
"RMW [0V et o |7 o |7 o2 jou |7 jon |7 |3t |7 st |
RD,RF[0v (3¢ [0 [ 4 [0 {4 |oi |20 o0 [3 [0 |au

Ce| WR |ov |3 |0 | a4 o |20 [on (4 |on |4 {11 a2 |4
RMW |04 |4 |oi |5 |0 |5 |0 |2 |on |5 |or|si |2t |51 |31 |5

'
i
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"6-190

I 8207
Table 13 B. Timing Chart — ECC Mode
COL ADDR ESTB | EAACK | LAACK | XACK | MUX
Cojevete | v | v |L|n|L|n]|L|n|L]n|{v]V
RD,RF | OV | 24 20|54 |3 {64 |4l |RD|-24| 24
Co| WR |0 |2 20|54 |24 |50 |4l |WR[-24| 24
.| RMW | 0} | 24 (6} |8 |5 |8 5|8 |7 |WR[-2i| 2
RD,RF | 04 | 3 3| 64|30 |64 |4 |RD|-24| 20 |
C;| WR |ov |3l 2 | 54|20 | 5¢ |4 |WR|-2¢| 2¢ :
RMW | 0f | 3 |6V |8 |5/ |81 |50 |8 |70 |WR|-24| 20
RD, RF | OV | 3¢ 4 |74 |4 |7 |50 |RD|-24| 24
C.| WR |o |3 3|64 |3 |64 |50 |WR|-2¢| 24
RMW | OV | 34 |8V [104| 7¢ [10¢] 7¢ |104] 9} [WR|—-2}| 2¢
RD, RF | 0¢ | 3¢ 4 | 74|54 | 8 |50 [RD|-2¢| 24
C;| WR | o |3l - | 8|6 |36t |5 |WR|-2¢| 2
RMW | o | 3¢ | 84 [10¢| 74 |104] 7¢ [10¢| 94 |WR[-2¢| 24
RD, RF | 0} | 2¢ 14|32t |43t |RD|-14| 2
Ci| WR |04 |2 ©ol | av |2t | 4t 3 [WR|-14] 2
RMW | O | 20 |5t |6t |3l |5¢|at|6t]5 [WR|—14| 24
RD,RF | OV | 2 2y |4 |3t |5t|3t [RD|-14| 2
Cs| WR |0 |2 14| 3|2t | 4t].3 |WR|-1| 24
RMW | 0 | 20 |5t |6t| 3|50 |4t |6t]5 [WR|—14| 2
RD, RF | OV | 2 S| 1|8k | 1t |3t 2t |RD|-14| 2
Co| WR [0t [2 1313t 2 [wr[-1i] 2
RMW | O¢ | 20 [ 31| 4t| 14|30 |2t 41|30 |WR|-14| 2
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8207 — DRAM Interface Parameter Equations
Several DRAM parameters, but not all, are a direct

WRITE CYCLE ‘
tRC: guaranteed by tRWC.

function of 8207 timings, and the equations for tRAS:  guaranteed by tRRW.
these parameters are given in the following tables. tCAS: guaranteed by tCRW. -

. The following is a list of those DRAM parameters tWCS: WE always activated after CAS is acti-
which have NOT been included in the following vated, except in memory initialization,
tables, with an explanation for their exclusion. hence tWCS is always negative (this is

important for RMW only) except in mem-
READ, WRITE, READ-MODIFY-WRITE & ory initialization; in memory initialization
REFRESH CYCLES tWCS s positive and has several clocks of
tRAC:  response parameter. margin.
tCAC:  response parameter. tDS: system-dependent parameter.
tREF:  See “Refresh Period Options” tDH:  system-dependent parameter.
tCRP:  must be met only if CAS-only cycles,  tDHR:  system-dependent parameter.
which do not occur with 8207, exist.
tRAH: See “A.C. Characteristics” READ'MQD'FY'WR”E CYCLE
tRCD: See “A.C. Characteristics” tRWD: don't care in 8207 write cycles, but tabu-
tASC: See “A.C. Characteristics” lated for 8207 RMW cycles.
tASR: See “A.C. Characteristics” tCWD: don’t care in 8207 write cycles, but tabu-
tOFF: response parameter. - lated for 8207 RMW cycles.
READ & REFRESH 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, C: Cs Ca Notes
tRP 3TCLCL—T26 | 4TCLCL—T26 | 4TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tCPN 3TCLCL—T35 | 3TCLCL—T35 | 3TCLCL—T35 |25TCLCL—T35[25TCLCL—T35| 1
tRSH 2TCLCL—T34 | 3TCLCL—T34 | 3aTCLCL—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—TCL1.5TCLCL—TCY 1
—T36—TBUF | —T36—TBUF | —T36—TBUF | —T36—TBUF | —T36—TBUF )
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Table 12 A. ﬂhing Chart — Non-ECC Mode
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LEN
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H|L

v

v
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‘RD, RF

ol | 3l

0!

4}

2
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0

3

Tl

4

WR

ol | 4
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0l | 2¢

(/13
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"

5V

2l
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oV | 5¢

0! -

6

o |24

4

1L}

WR

o | 4

o'
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0 | 24
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44
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0}
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0l | 2|

3¢

]
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WR
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4
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4

4
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Table 15. Non-ECC Mode - WR Cycle

Fast Cycle Configurations Slow Cycle Configurations
Parameter Co Ci C: Cs ] C. Notes
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 S5TCLCL—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 | 3aTCLCL+TCL| 3TCLCL+TCL| 3TCLCL+TCL | 3TCLCL+TCL | 1,3
—-T34 —T34 -T34 —T34 —-T34
tWCR 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 | 3aTCLCL—T36| 3TCLCL—T36| 3TCLCL—TCL | 3TCLCL—TCL 1
—TBUF —TBUF —TBUF —T36—TBUF | —T36—TBUF
tCWL 3TCLCL—T36 | 3STCLCL—T36| 3TCLCL—T36 | 3TCLCL—TCL | 3TCLCL—TCL 1
—TBUF —TBUF —TBUF —T36—TBUF | —T36—TBUF
6-193 . 210463-003 ,
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Table 16 A. ECC Mode — RD, RF Cycles

Parameter

Fast Cycle Mode

Co

Ci

C:

Cs

Notes

tRP

4TCLCL—-T26

4TCLCL—T26

4TCLCL—T26

4TCLCL—-T26

tCPN

3TCLCL-T35

3TCLCL—T35

3TCLCL—-T35

3TCLCL—-T35

tRSH

3TCLCL—T34

3TCLCL—T34

4TCLCL-T34

4TCLCL-T34

tCSH

6TCLCL—T26

6TCLCL—T26

7TCLCL—T26

7TCLCL-T26

tCAH

TCLCL—-T34

2TCLCL—-T34

2TCLCL—T34

2TCLCL—T34

tAR

2TCLCL—-T26

3TCLCL—T26

3TCLCL—T26

3TCLCL-T26

tT

3/30

3/30

3/30

3/30

tRC

8TCLCL

8TCLCL

9TCLCL

9TCLCL

tRAS

4TCLCL—-T26

4TCLCL—T26

5TCLCL—T26

5TCLCL—T26

tCAS

5TCLCL—-T34

5TCLCL—T34

6TCLCL-T34

6TCLCL—T34

tRCS

TCLCL—T36
—TBUF

TCLCL—T36
—TBUF

TCLCL—T36
—TBUF

TCLCL-T36
—TBUF

- a | Nt ]|t a]—

Table 16 B. ECC Mode — RD, RF Cycles

Parameter

Slow Cycle Mode

Cs

Cs

Cs

Notes

tRP

2TCLCL—T26

2TCLCL—T26

2TCLCL—T26

tCPN

1.5TCLCL—T35

1.5TCLCL—-T35

1.5TCLCL—T35

tRSH

3TCLCL—T34

3TCLCL-T34

3TCLCL—T34

tCSH

4TCLCL—-T26

4TCLCL-T26

4TCLCL—T26

tCAH

2TCLCL—T34

2TCLCL—T34

2TCLCL—-T34

tAR

2TCLCL-T26

2TCLCL—T26

2TCLCL-T26

tT .

3/30

3/30

3/30

tRC

5TCLCL

5TCLCL

S5TCLCL

tRAS

3TCLCL—T26

3TCLCL—T26

3TCLCL—-T26

tCAS

4TCLCL—T34

4TCLCL—T34

4TCLCL—-T34

tRCS

0.5TCLCL—T36
—TBUF

0.5TCLCL—T36

—TBUF

05TCLCL—T36
—TBUF

— | b | b | PN | b | b |t | | -
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Table 17 A. ECC Mode — WR Cycle
." Fast Cycle Mode
Parameters Co Cy C: Cs Notes
tRP 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 1
tCPN 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—-T35 1
tRSH STCLCL—T34 | 5STCLCL—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 S5TCLCL—T34 | 5TCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 | 1,4
tWCR 6TCLCL—T26 | 6TCLCL—T26| 7TCLCL—T26 | 7TCLCL—T26 | 1,4
twpP 3TCLCL—T36| 3TCLCL—T36 | 3TCLCL—T36 | 3aTCLCL—T36 1.
—TBUF —TBUF —TBUF —TBUF
’tRWL 3TCLCL—T36| 3TCLCL—T36 | 3TCLCL—T36 | 3STCLCL—T36 1
—TBUF —TBUF —TBUF —TBUF
tCWL 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3STCLCL—T36 1
—TBUF —TBUF —TBUF —TBUF
210463-003
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Table 17 B, ECC Mode — WR Cycle
Slow Cycle Mode
Parameters C. Cs Cs Notes
~ tRP 2TCLCL—T26 | 2TCLCL—T26 | 2TCLCL-T26 | 1
tCPN 25TCLCL~T35[2.5TCLCL—=T35/25TCLCL—T35| 1
tRSH = | 5TCLCL—T34 | 5TCLCL—T34 | 4TCLCL—-T34 | 1
tCSH 5TCLCL—T26 | 5STCLCL—T26 | 4TCLCL~T26 | 1
tCAH 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL-T34 | 1
tAR 2TCLCL—T26 | 2TCLCL—-T26 | 2TCLCL-T26 | 1
tT 3/30 3/30 ©8/30 2
tRWC 7TCLCL 7TCLCL 6TCLCL 1
tRRW 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL-T26 | 1
tCRW 5TCLCL—T34 | 5TCLCL—T34 | 4TCLCL-T34 | 1
tWCH 5TCLCL—T34 | 5STCLCL—T34 | 4TCLCL-T34 | 1,4
tWCR 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL—T26 | 1,4
tWP 3TCLCL-TCL | 3TCLCL—TCL | 3TCLCL-TCL| 1
-~T36—TBUF | —T36—TBUF | —T36—TBUF
tRWL 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
|
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Table 18 A. ECC Mode — RMW
Fast Cycle Mode
Parameters Co Ci Cz Cs Notes
tRP 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26| 1
tCPN | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35| 1 .
tRSH 8TCLCL—T34 | 8TCLCL—T34 | 10TCLCL—T34| 10TCLCL—T34 1
tCSH . | 9TCLCL—T26 | 9TCLCL—T26 | 11TCLCL—T26| 11TCLCL—T26] 1
{CAH TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34| 1
1AR 2TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26| 1
T 3/30 3/30 3/30 3/30 2
tRWC 12TCLCL 12TCLCL 14TCLCL 1aTcLoL | 1
tRRW = | 9TCLCL—T26 | 9TCLCL—T26 | 11TCLCL—T26| 11TCLCL—T26| 1
{CRW | 8TCLCL—T34 | 8TCLCL—T34 | 10TCLCL—T34[ 10TCLCL-T34] 1
tRCS TCLCL-T36 | TCLCL-T36 | TCLCL-T36 | TCLCL-T36| 1
—TBUF —TBUF —TBUF —TBUF
tRWD | 6TCLCL—T26 | 6TCLCL—T26 | 8TCLCL—T26 | 8TCLCL-T26| 1
tCWD | 5TCLCL—T34 | 5TCLCL—T34 | 7TCLCL—T34 | 7TCLCL—T34| 1
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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Table 18 B. ECC Mode — RMW
Slow Cycle Mode
Parameters "Ca Cs Ce Notes
tRP 2TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
' tCPN 25TCLCL—T35[2.5TCLCL—T35/2.5TCLCL—T35| 1
tRSH 7TCLCL—T34 | 7TCLCL—T34 | 5TCLCL—T34 1
tCSH 7TCLCL—T26 | 7TCLCL—T26 | 5TCLCL—T26 1
tCAH 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 1
tAR 2TCLCL—T26 | 2TCLCL—T26 2TCLCL—T2§ 1
tT 3/30 3/30 3/30 2
tRWC 9TCLCL 9TCLCL 7TCLCL 1
tRRW 7TCLCL—T26 | 7TCLCL—T26 | 5TCLCL—T26 1
tCRW 7TCLCL—T34 | 7TCLCL—T34 | 5TCLCL—T34 1
tRCS 0.5TCLCL—T36{0.5TCLCL—T36/0.5TCLCL—T36| 1
—TBUF —TBUF —TBUF
tRWD 4TCLCL+TCL| 4TCLCL+TCL| 2TCLCL+TCL 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
tRWL 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
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|nter , ADVANCE INFORMATION

8208
DYNAMIC RAM CONTROLLER

B 0 Wait State‘, 8 MHz iAPX 186, iAPX B Directly Addresses and Drives up to
188, IAPX 86 and iAPX 88 Interface 1 Megabyte without External Drivers

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

B Four Programmable Refresh Modes

B Supports Synchronous or : ‘

Asynchronous B +5 VoIt Only HMOSII Technology for

Microprocessor Interfaces High Performance and Low Power

B Automatic RAM Initialiation

The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controlier
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 0.

B = cru aneiTen | SERVICE %l AL4 O 1w 48 P Vce
P | e ‘ =5 = A3(d?2 47 P ALS
AL2d 3 46 P AL6
:ggggwuéglw:ﬂ - ouTPUT ALl'I 4 45 O AL7
" w o A0S 44 1 AL8
°f - L BS 6 43 P AHO
DIRECT REQUEST BUS REFRESH Ting 5 A00 OO 7 42 [0 AH1
e AO1 O 8 41 b AH2
REFRESH A02 0 9 40 P AH3
RFRa = CE CAATION. CONFIGURATION BUS )> ::>€A's‘ A03 ] 10 39 O AH4
7 . AO4 g 1 38 [ AH5
INITIAL)
PR REFRESH Vss 12 37 P AHé6
POl controL | - aos d 13 829 36 B vss
=y A06 ] 14 ,35 B AH7
A07 d 15 - 34 | AH8
| — IT AODReSS T conTRY K= A0 d 16 33 b PDI
CLK ———— ’ BANK ADDRESS
RESET . Vss 4 17 32 O RFRQ
= Roontss, ‘ RASI o 18 31 [ oLk
SO0nTER | /| Aporess RASO O 19 30 p AD
ux MUx :>mﬁ.a CAS1 0 20 29 E_ﬁ
o — . CAS0 ( 21 28 b PE
¢ how Vss. ] 22 27 b PCTL
AHo DaTCH RESET ] 23 26 [1 AACKIXACK
o ‘ Vee { 24 25 b WE/PCLK

Figure 1. Block Diagram and Pinout Diagram

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuit}y 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

©INTEL CORPORATION, 1983. 6-199 . ORDER NUMBER 230734-001
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8208 ADVANGCE INFORMATION

Table 1. Pin Description

Symbol Pin |Type Name and Function

ALO 5 | | ADDRESS LOW: These lower order address inputs are used to generate the row address

AL1 4 | ' | for. the internal address multiplexer.

AL2 3 |

AL3 2 |

AL4 1 N ) . '

ALS 47 | ‘

AL6 46 I t

AL7 45 |

AL8 . 44 |

BS 6 | | 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.

AOO0 7 O | ADDRESS OUTPUTS: These outputs are designed to provide the row and column

AO1 8 O ' | addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These

28% 90 8 outputs: drive the dynamic RAM array directly and need no external drivers.

1 )

AO4 11 o

AO5 13 (o]

AO6 14 (o]

AO7 15 (o]

AO8 16 (o]

VSS 12 | | GROUND )

17 | | GROUND .
22 I | GROUND : K '
36 | | GROUND ‘ ‘

RASO 19 O | ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch

RAS1 18 O | the row address, present on the AO0-8 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 O | COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to

CAS1 20 O | latch the column address, present on the AO0-8 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 all internal counters to be reset and upon release
of RESET, data appeann%at the PDI pin is clocked-in Eyrthe PCLK output. The states
of the PDI, PCTL and RFRQ pins are sampled by RESET going inactive and are used
to program the 8208. An 8 cycle dynamic RAM warm-up is. performed after clocking PDI
bits into the 8208.

WE/ 25 O |WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a RESET this

PCLK . pin becomes PCLK and is used to clock serial programming data into the PDI pin. After
the 8208 is programmed this active high signal provudes the dynamlc RAM array the write
enable input for a write operation. '

vcC 24 | | POWER: +5 Volts.

48 | | POWER: +5 Volts. )
. AACK/ 26 O | ADVANCE ACKNOWLE NSFER ACKNOWLEDGE: When the X programming bit

XACK is set to logic 0 this pin is AACK and indicates that the processor may continue process-
ing and that data will be available,when required. This signal is optimized for the system
by programming the S program-bit for synchronous or asynchronous operation. The S
programming bit determines whether this strobe will be early or late. If another dynamic
RAM cycle is in progress at the time of the new request, the AACK is delayed. When the

| X programming bit is set to logic 1 this pin is and indicates that data on the bus
is valid ggnng aread cgcle or that data may be removed from the bus during a write cy-
cle. XACK is a MULTIBUS 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 PCTL is low after RESET
the 8208 is programmed to accept bus command inputs. If PCTL is high after RESET
the 8208 is pro?rammed to accept status inputs from iAPX 86 or iAPX 186 type processors
The. 52 status line should be connected to this input if programmed to accept iAPX 86
or iAPX 186 status inputs. When programmed to accept bus commands it should be tied
low or it may be connected to INHIBIT when operating with MULTIBUS.

PE 28 |

| PORT ENABLE: This pin serves to enable a RAM cycle request. It is generally decoded

from the address bus.

6-200 o ‘ o ‘230734-00.1
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Table 1. Pin Description (Continued)

Symbol Pin |Type Name and Function
WR 29 | | WRITE: T%pln is the write memory request command input. This input also directly ac-
cepts the SO status line from Intel processors.

RD 30 | | READ: Thg‘pin is the read memory request command input. This input also directly ac-
cepts the S1 status line from Intel processors.

CLK 31 | | CLOCK: This input provides the basic timing for sequencing the internal logic

RFRQ 32 | | REFRESH REQUEST: This input is sampled on the falling edge of RESET. If RFRQ is
high at RESET then the 8208 is rammed for internal-refresh request or extemal-refresh
request with failsafe protection. If RFRQ 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. §

PDI 33 | | PROGRAM DATA INPUT: This input is sampled by RESET going low. It programs the
various user selectable options in the 8208. The PCLK pin shifts programming data into
the PDI input from an external shift register. This pin may be strapped low to a default
iAPX 186 (PDi=Low) mode configuration.

AHO 43 | | ADDRESS HIGH: These higher order address inputs are used to generate the column

AH1 42 | | address for the internal address multiplexer. ,

AH2 41 |

AH3 40 I

AH4 39 |

AH5 38 |

AH6 37 |

AH7 35 |

AH8 34 |
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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 éuppons several microprocessor interface

options including synchronous and asynchronous:

operations for iAPX 86, iAPX 186, iAPX 188 and
MULTIBUS.

FUNCTIONAL DESCRIPTION

Processor 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, iIAPX

ADVANGCE INEFORMATION

186 and iAPX 188. When the 8208 is programmed
to run'in asynchronous mode, the 8208 inserts the
necessary 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 186 and the iAPX 188. The
. 8208 can also be programmed to receive read or write

MULTIBUS commands or commands from a bus con-

« 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 internal timing to allow for different clock
frequencies of 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. y

CLK _ —_CLK
50 WR
8086/ Si »{RD
20186 5 8208
PE
ADDR/DATA ‘
ADDRESS

DECODE

Synchronous-Status Interface

|c1.ocx|
CLK
CLK so S0 MwTcl W CLK
] §1 _MRDC RD
8086/ 5 >
80186 S2 s2 32‘:"“ f PCTL
8208
ADDR/DATA PE

STB
L> ADDRESS
DECODE LATCH

Synchronous-Command Interface

Lafso K,
H—S1  BUS
§2 CONTROLLER'
i ALE
—6—» STB
ADDRESS
\}::> DECODE | LATCH
Asynchronous-Status Interface
CLOCK
)
Wh CLK
RD
PCTL
__ 8208
PE

ADDRESS':> b
DECODE LATCH

Asynchronous-Cominand Interface

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

The 8208 is capable of addressing 64K and 256K
dynamic 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.

(NOTE 1{,
JAH8
A11-A19 A10-A17
AHO-AH8 AHO-AH7
8208 (NOTE 1) 8208
—>»{ALS
A2-A10 A2-A9
>{ ALO-ALS S ALO-AL7
A1, A1, .
—ises. —>iss
256K RAM 64K RAM
INTERFACE INTERFACE
NOTES:

1.'Unassigned address input pins should be strapped
high or low.

2.A0 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 aliowing bank interleaving
of memory cycles.

Figure 3. Processor Address Interface to the
8208 Using 64K, and 256K, RAMS

The 8208 divides memory into two banks, each bank
having its own Row (RAS) and .Column (CAS)
Address Strobe pair. This organization permits RAM
cycle interleaving. RAM 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 cycle. 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 staté reads result).

6-203

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
decoding and the horizontal word expansion, in-
cluding and CAS assignments. For example, if
only one RAM bank is occupied, 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 |[RAS, ,, CA3, ,toBank0
0 1 lllegal
1 0 mo, CAS,, to Bank 0
1 1 RAS,, CAS, 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 :

After programming, the 8208 performs eight RAM
‘“‘wake-up’’ cycles to prepare the dynamic RAM for
proper device operation (during ‘‘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 8208 to
refresh memory. The 8208 will refresh 128 rows every
2 milliseconds or 256 rows every 4 milliseconds,
whichallows all RAM refresh options to be supported.
In addition, there exists the ability to 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) -

_ 230734-001
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Itis possible to decrease the refresh time Interval by
10% 20% or 30%%. This option allows the 8208 to com-
pensate for reduced clock frequencies. Note that an
additional 5% interval shortening is built-in in all refresh
interval options to compensate for clock variations and
non-immediate response to the internally generated
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.

6q. 8208 System Response: TRESP = PROG + TPREP
where: TPROG = (40) (TCLCL) which is programming

time
(8) (32) (TCLCL) which is the RAM
warm-up time

if TCLCL = 125 ns then TRESP = 37 us

TPREP =

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 defauit
synchronization programming is used. (5=0)

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
reset the rest of the system. While the rest of the
system is still in reset, the 8208 completes its

programming. Figure 4 illustrates a c»rcuot to ac-.

cornpllsh this task.

6-204

SYSTEM
RESET

8208
RESET
t.l PROGRAMMING TIME OF 8208

8208
SYSTEM RESET
RESET
DIFFERENTIATED RESET
NOTES:

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

2. Vg must be stable before system reset is ac-
tivated when using this circuit.

Fighre 4. 8208 Differentiated Reset Circuit

Within four clocks after RESET goes active, all the
8208 outputs will go high, except for AO0-2, which
will go low.

OPERATIONAL 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 PDI
pins.

Status/Command Mode .

The processor port of the 8208 is conflgured by the
states of the PCTL pin. Which interface is selected
depends on the state of 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
MULTIBUS or Command interface is selected.

There exist two interface oonflguratlons, one for
MULTIBUS memory commands, which is called the
Command interface, énd 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. . N
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The 80186 Status interface allows direct decoding of

the status lines for the iIAPX 86, iAPX 88, iAPX 186.

and the iIAPX 188. Table 3 shows how the status lines
are decoded. Microprocessor bus controller read or
write commands or MULTIBUS commands can also
be directe to the 8208 when in Command mode.

Table 3. 8208 Response

8208 Command

Function
8086/80186 | Muitibus or
Status Command
PCTL| RD | WR Interface Interface
0 0 0 IGNORE IGNORE
o | o | 1 | 1GNORE 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

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 single external refresh
cycle without 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 hold the REFRQ input
high until after reset. Thereafter, a low-to-high transi-
tion on this input causes a 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.

‘ 6-205

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
(i.e., REFRQ is kept low until after reset). Thereafter,
bringing REFRQ 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 (i.e.
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, PDO-PDB8. If the first program data bit, PDO is
set to logic 0, the 8208 is configured to support iAPX
186, 188, 86, or 88 systems. The remaining bits,
PD1-PD8, 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 External 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 PDI program-
ming pin. Figure 6 shows a sample circuit diagram
of an external shift register circuit.

Serial data is shifted into the 8208 via the PDI 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
PDI 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 enable RAM control output pin.

As the pin changes state to provide the write enable

signal to the dynamic RAM array, it continues to clock

the shift register. This does not present a problem

because data at the PDI pin is ignored after program-_
ming. Figure 7 illustrates the timing requirements of

the shift register.

PD8 PD7 PDO

Default Programming Options = .

After reset, the 8208 serially shifts in a program data
word via the PDI pin. This pin may be strapped low,
or connected to an external shift register. Strapping
PDI 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 74L.S165, can be used to tailor the 8208 to its
operating environment. Figure 8 illustrates an iAPX

Figure 5. Program Data Word

B B 186 and 8208 system.
X |FFS|PLS|CIO |CIT|RB|RFS|3| 0
able 4. Programming, n 0 und.
Table 4. P i PDI Pin Tied to Ground

PROGRAM | ,
DATA BIT | NAME | POLARITY/FUNCTION Synchr'o nous 80186 interface
PDO CFS | MUST BE ZERO . ‘
"PD1 5 S = 0 SYNCHRONOUS ;

B = 1 ASYNCHRONOUS 2 RAM banks occupied
PD2 RFS |RFS = 0 FASTRAM

RFS = 1 SLOW RAM Fast processor clock frequepcy (8 MHz2)
PD3 RB | RAM BANK OCCUPANCY

SEE TABLE 2 Fast RAM (Note 1)
'PDa’ ~ |G | COUNT INTERVAL BIT 1; SEE TABLE 6 - ‘ "
PD5 T | COUNT INTERVAL BIT 0; SEE TABLE 6 Refresh interval uses 118 clocks
PD6 PLS |PLS = 0 LONG REFRESH PERIOD

, | PLS = 1 SHORT REFRESH PERIOD 128 row refresh in 2 ms; 256 row refresh

PD7 FFS | FFS = 0 FAST CPU FREQUENCY in 4 ms

FFS = 1 SLOW CPU FREQUENCY Advanced ACK strobe
PD8 X X = 0 AACK

X.= 1 XACK NOTE:

1. For iAPX 186 systems either slow or fast (150 or 100 ns)
; RAMS are ok to use.

oy L[] Iu“_ru—u‘m_m‘\_r‘u—lﬂ
_RESET__ K : -

~®

TCLPC — MUX/PCLK delay. "
TLOAD — Asynchronous load data propagation delay.

WE/ — <— -»I
ok /
v - Tioap>! ! ® J
DI X PDO X PD1 X PD2 X
NOTES:

TRTVCL —'Reset is an asynchronous input, if reset occurs before TRTVCL, then it is guaranteed to be recognized.
TPGVCL — Minimum PDI valid time prior to reset going low.

° Figure 6. Timing INustrating External Shift Register Requirements for Programming' the 8208.
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+5V

8208
8208 H
RESET L4 ser
SHID 7418165 Q, PDI WE/PCLK
—| oLk

RESET

—

Figure 7. External Shift Register Interface

| ]

REFRG  CLK Rack LOWER UPPER
1%, 80 WR L MEMORY ' MEMORY)
Bl & , RD 8208 o1 '

+
joy
<

* go186 2 PCTL 400s 2164A-15 | 2164A-15
ALE PE WE -
1 AH AL . PDI- BS WE D00 | WE DIlDO
BEN 7 ,
PYR__ADO-15- S8 j % _ < N /}
‘ Jaz — a1 “
\ 8283 ,
ADDRESS At }
r—p/ LATCHES
A0 D I
BHE
[
-

Figure 8. 8208 Interface to an 80186
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syrnchrom.';usIAsym:hronous Mode
program bit)

The 8208 may be independently configured to accept
syhchronous or asynchronous commands (RD, Wi
PCTL) and Port Enable (PE) via the S program blt
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 (MULTIBUS) interface in
the Synchronous mode, certain restrictions exist in
the Asynchronous mode. An Asynchronous-Command
interface using the control lines of the MULTIBUS is
supported, and an Asynchronous-80186 Status inter-
face using the status lines of the 80186 is supported,
with the use of TTL gates as illustrated in Figure 2.

In the 80186 case, the TTL 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 microprocessor group or
commands from MULTIBUS. The CFS programming
bit must be programmed to logic 0.
L]

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
9 Processor Clock
CFS | FFS | - Frequency
0 0 iAPX 86,88,186 5 MHz
0o - 1 iAPX 86, 88,186 8 MHz

RAM Speed 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 slow is measured
relative to the 2118-10 (Fast) or the 2118-15 (Slow)
RAM specifications.

Refresh Period Options
(Cl0 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 (CI0) and Count Interval 1 (Cl1)
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 microsecond 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 ‘CI1, CIO0 (8208 Clock Periods)
Ref.
Freq. Period 00 01 10 11
(MH2), S) CFS PLS FFS (0%) (10%) (20%) | (30%)
8 | 156 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
78 0 0 0 37. 33 29 25
A 6-208 230734-001
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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
represent 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.
1

Processor Timing

In order to run without wait states, AACK must be
used and connected to the SRDY input of the
appropriate bus controller. AACK is issued relative
to a point 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),

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 operation. In a
synchronous fast cycle configuration, PE is required
to be set-up 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 edge 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 synchronization delay is the additional
amount that PE must be held valid. If PE 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, XACK)

Two type of memory acknowledge signals are sup-
plied by the 8208. They are the Advanced
Acknowledge strobe _%ﬂk)CR) and the Transfer
Acknowledge strobe (XACK). The S programming bit
optimizes for synchronous operation (*‘early”’

AACK) or asynchronous operation (“late”’ AACK).
Both the early and late AACK strobes are two clocks

6-209
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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. XACK is
removed asynchronously by the command going
inactive.

Since in a asynchronous operation the 8208 removes
read data before late AACK or 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 RAS0,1, CAS0,1 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 ‘‘nt”’ or ’ni”’, where
“n” is the number of clock periods that have passed
since clock 0, the reference clock, and ‘4" refers to
rising edge-and V"’ 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.

e—— N ——ole—nN+1—4

(n—1)" nt ni (n+1)t (n+1)!
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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 performing another memory cycle, Clock 0 may

be identified externally by the leading edge of RAS, .
which is always triggered on 0¢. ’

NOTES FOR INTERPRETING THE TIMING CHARTS:

1. COLUMN ADDRESS is the time column address
becomes valid.

2. The CAS, EAACK, TAACK 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 . WE EAACK LAACK XACK
CYCLE| L | H |V |V | L|H]|H L|L|H|L|H L | H
RD,RF | OV 2l 0} 2i 0! 3 | — | — | O 24 1 3! 2i | RD
WR | o | 4 | o | 38 | 14 | 4 | 0| 4 | 0 | 20 |1 |3 | 2 |'WR
8208-DRAMiInterface Parameter Equations Table 8. RD, RF & WR Cycles
Several DRAM parameters, but not all, are a direct Parameter Rd, RF Cycles Notes
function of 8208 timings, and the equations for these tRP 2TCLCL—T26 1
parameters are given in the following tables. The tCPN 2.5TCLCL—T35 1
following is a list of those DRAM parameters which tRSH 3TCLCL—T34 1
have NOT been included in the following tables with tCSH 3TCLCL—T26 1
an explanation for their exclusion. “1CAH 2TCLCL—T34 1
, —T2
READ, WRITE e 2T !
H CYCLES
REFRESH CYC tRC 4TCLCL 1
tRAC: response parameter. tRAS 2TCLCL—T26 1
tCAC: response parameter. ' tCAS 3TCLCL—T34 1
tREF: See ‘‘Refresh Perlpd Options™. ‘ ; " IRCS 1.5TCLCL—TCL—T36—TBUF 1
tCRP: must be met only if CAS-only cycles,
. X ! tRCH 0.5TCLCL—T34 1
which do not occur with 8208, exist. ’ r RO
tRAH: See “A.C. Characteristics” arameter __WR Cycles Notes
tRCD: See “A.C. Characteristics” tRP 2TCLCL—T26 1
tASC: See ‘“A.C. Characteristics” tCPN 2.5TCLCL—T35 | 1
tASR: See “A.C. Characteristics” tRSH 3TCLCL—T34 1
tOFF: response parameter. tCSH 4TCLCL—T26 1
WRITE CYCLE ‘ tCAH 2TCLCL—T34 1
tAR 3TCLCL—T26 1
tDS:  system-dependent parameter. T 3/30 2
tDH:  system-dependent parameter. RC 6TCLOL 1
tDHR: .
system-dependent parameter RAS aTCLCL—_T26 1
NOTES: tCAS TCLCL—T34 1
1. Minimum. tWCH . 3TCLCL—T34 1,3
2. Value on right is maximum; value on left is minimum. tWCR 4TCLCL—T26 1,3
3. Qr;:lplies to the eight warm-up cycles during initialization WP ~ 4TCLCL—T36—TBUF 1
4 TP TOLOL 135 = TCLCSH tRWL 4TCLCL—T36—TBUF | 1
T26 = TCLRSL T36 = TCLW tCWL | __4TCLCL—T36—TBUF 1
T34 = TCLCSL TBUF = TTL buffer delay » TWCS TCLCL—T36—TBUF
. 6-210 230734-001
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ADVANGE INFORMATION

ABSOLUTE MAXIMUM RATINGS
Ambient Temperature

UnderBias................... 0°Cto+70°C
Storage Temperature ........... —65°C to +150°C
Voltage On Any Pin With

Respect to Ground .............. —.5Vto+7V
Power Dissipation............ccovvvn... 2 Watts

D.C. CHARACTERISTICS

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.

(T, = 0°C to +70°C, Vo = 5.0V + 5% Vg = GND)

Symbol Parameter Min. Max. Uhits Comments

Vi Input Low Voltage —-0.5 +0.8 .V

Vin Input High Voltage 20 Vec + 0.5 \

Vou Output Low Voltage 0.45 \Y Note 1

Vou Output High Voltage 24 Vv Note 1
RAM Output

VoL Low Voltage 0.45 " Note 1
RAM Output

VroH High Voltage 2.6 Y Note 1

lec Supply Current 280 mA Ta=25°C

Iu Input Leakage Current +10 MA OV<=Vn<= Vec
Clock Input _

Vo Low Voltage 05 +06 v

) Clock Input
Ven High Voltage 38 hni v
Cin Input Capacitance 20 . pF fc=1MHz
NOTES:

1. lo. = 8 mA and lon = -0.2 mA (typically lo. = 10 mA and lon = -0.25mA)

A.C. Testing Load Circuit

A.C. Testing Input, Output Waveform

Rras

oo VWV o =

08 IRy T =

Other Outputs — Cers
Cro

T <
RRAS =390 - CRAS = 150 pF
RCAS =390 CCAs = 150 pF
RAO =22Q CAO = 200 pF
RL =390 CcL = 150 pF

4.0V, 2.4V 20 2.4

0.45 0-8 0-8

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
llol!' X
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! ]
A.C. CHARACTISTICS (T = 0t0 70 C \gc = +5V % 5%)

‘Measurenient‘s made with respect to RASO, 1, CASG. 1, AOG-B are at 2.4V and 0.8 V. All other pins are
measured at 2.0V and 0.8V. All times in nsec unless otherwise indicated. AC testing done with specified
test load. .

CLOCK AND PROGRAMMING
. 8208 82085
Ref. Symbol Parameter Min. Max. Min. Max. Units | Notes
- |F 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 TCLCL/2-12 TCLCU2-12 ns
3 | TCH Clock High Time TCLCU3 . TCLCL/3 ns
4 | TRTVCL Reset to CLK} Setup 40 65 ' ns 1
5 | TRTH Reset Puise Width 4 TCLCL 4 TCLCL ns
6 | TPGVRTL | PCTI, PDI, RFRQ 125 200 ns 2
to RESET! Setup i}
7 | TRTLPGX | PCTI, RFRQ 10 10 ns
to RESETY Hold « .
TCLPC1 PCLK from CLK¢ Delay 45 65 ns
TPDVCL | PDI to CLK+ Setup 60 100 ns
10 | TCLPDX | PDI to CLK¢ Hold 40 ' 65 ns 3
SYNCHRONOUS P INTERFACE )
11 | TKVCH | RD, WR, PCTL \ 20 30 ns
TO CLK? Sety,
12 | TCLKX , WR, PE, PCTL 0 [) ns
to CLK{ Hold
13 | TPEVCL | PE to CLKi Setup 30 50 . ns
ASYNCHRONOUS .P INTERFACE '
14 | TRWVCL | RD, WR to CLK¢ Setup 20 30 ns
15 | TRWL RD, WR Pulse Width 2TCLCL +30 2TCLCL +50 ns
16 | TRWLPEV | PE from RD, WR! Delay TCLCL-30 TCLCL-50 ns
17 | TRWLPEX | PE to RD, WRi Hold 2TCLCL +30 2TCLCL +50 ns
18 | TRWLPT PCTL from RD, WR¢ Delay TCLCL-30 TCLCL-50 ns
19 | TRWLPTX | PCTL to RD, WR! Hold 2TCLCL +30 2TCLCL +50 ns
RAM INTERFACE
20 | TAVCL AL, AH, BS to CLKi{ Setup 35+ tASR 55+tASR ns 4
- 21 | TCLAX AL, AH, BS torCLK¢ Hold ¢ 0 ] . 0 ns
22 | TCLRSL | RAS! from CLK¢ Delay 35 "85 ns
23 | tRCD RAS to CAS Delay TCLCL2:25 ns 57,8
. i 75 60 1 ns 6,7,8
24 | TCLRSH | RAS! from CLK{ Delay ' 50 70 ns ‘
25 | tASR Row AO to RAS! Setup . 4,10
26 | tRAH Row AO to RAS! Hold TCLCL/410 a ns 57,9
. 40 30 . ns 6,7,9
27 | tASC Column AO to CAS} o
Setup . 5 D 5 ns | 711,12 |
28 | 1CAH Column AO to CAS Hold ‘ (See DRAM Interface Tables) | 13
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A.C. CHARACTERISTICS (Continued)
RAM Interface (Continued)

1 ) 8208 8208-5
Ref. | Symbol | Parameter Min. Max. Min. Max. Units | Notes
29 | TCLCSL | CAS! from CLK¢ Delay TCLCL/2 | TCLCU/1.8+53 [ TCLCL2 | TCLCL/1.8+78 | ns -
30 | TCLCSH | CASt from CLK¢ Delay- . 50 70 | ns
31 | TCLWH WE? from CLK{ Delay TCLCL2 TCLCL/1.8+53 TCLCL2 | TCLCL/1.8+78 ns
32 | TCLWL WE! from CLK¢ Delay 35 ‘ 55 ns
33 [ TCLTKL [ XACK¢ from CLK¢ Delay .35 55 ns
34. | TRWLTKH | XACK? from RD1, WR! Delay 50 60 ns
35 | TCLAKL | AACK{ from CLK¢ Delay 35 55 ns
36 | TCLAKH AACK!? from CLK¢ Delay 50 70 ns
REFRESH REQUEST
37 | TRFVCL RFRQ to CLK{ Setup 20 30 ns
38 | TCLRFX RFRQ'to CLK! Hold 10 : 10 ns
39 | TFRFH Failsafe RFRQ Pulse Width TCLCL +30 - TCLCL +50 ns 14
40 | TRFXCL Single RFRQ inactive " 20 ’ 30 ns 15
to CLK! Setup |
41 | TBRFH Burst RFRQ Pulse Width 2TCLCL +30 2TCLCL +50 ns 14
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 (PDO) is also sampled by RESET going low.
3. TCLPDX 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 (specification) + 0.06 (ACRag) — 0.06 (ACcAS)
where AC = C (test load) — C (actual) in pF. o
9. tRAH (actual) = tRAH (specification) + 0.06 (ACRag) — 0.022 (ACAQ)
where AC = C (test load) — C (actual) in pF.
10. tASR (actual) = tASR (specification) + 0.06 (ACpQ) — 0.025 (ACRAS)
where AC =.C (test load) - C (actual) in'pF. .
11. tASC (actual) = tASC (specification) + 0.06 (ACpQ) - 0.025 (ACcAS)
where AC =:C (test load) — C (actual) in pF.
-12..tASC 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. ‘
A"v
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WAVEFORMS
Clock and Programming Timings

PCTL __—,m..... e )
REFRQ Ty ' ®
PDI 1 PDO ) PD1 x' \

WE/PCLK 7 - : : ‘

RAM Warm-up Cycles

ak—/ "\ S ‘\_/'\_/'\_/‘\_/'\_/‘\

RESET———n
RAs?:_/ 1 l( —\ —
WE \
. PROGRAMMING . LAST RAM WARM-UP
|_ReseT | i FIRST RAM WARM-UP CYCLE ;
NOTE

The present example assumes a RAS four clocks long.

Synchronous Port Interface

CLK _70;7:—5‘-_-/ AC._/ \__/—\_/_\_

SLOW CYCLE
RDWR N

— -
g_lE.OW CYCLE - @

(D
SLOW CYCLE —-i

PCTL j- . N
" INTERNAL

CYCLE REQUEST 7

@
@
&)

6-214 . Lo 230734001 °



intel

8208 ADVANCE INFORMATION

WAVEFORMS (Continued)

Asynchronous Port Interface

5LOW CYCLEV | '
N\

RD, WR

™)

15
a7
0

sLow cveLe __ l

@

' —®—

SLOW CYCLE

PCTL 7—
INTERNAL Va
CYCLE REQUEST y

Refresh Request Timing

FAILSAFE REFESH l
REQUEST AK
@l
-®
SINGLE REFESH f b
REQUEST
L)

BURST REFRESH
REQUEST

) ®
i
®
|
AT
®
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WAVEFORMS (Continued)

RAM Interface Timing

CLOCK 0

coMmAnD _ \ Y

INTERNAL
CYCLE REQUEST — /) ~ R
' @,

ALg - Alg -2+
AHg - AHg X

BS - BS,

®

RAS et

AOg - AOg ' K

@
H’L

®

\FL

WE

B33

®

XACK

= Sy

Note: .
Dashed waveform indicates that either clock edge may cause the signal transition
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~ CHAPTER 1
INTRODUCTION

This guide is a supplement to the 8207 Data Sheet! 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 Sheet~.

The Intel 8207 Advanced Dynamic RAM Controller is a high performance, highly integrated device
designed to interface 16k, 64k, and 2§86k dynamic RAMS to Intel microprocessors. The 8207, with
the 8206, provides complete control for memory initialization, error correction, and automatic error
scrubbing. ’

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

. A\
The many configurations of bus structures, RAM speeds, and system requirements 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 requlrements 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 CI0, CI1, 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 and sampled high for two consecutive clock edges.
These cycles are internally counted and the 8207 stops when the refresh address counter reaches the
value XX1111111, (X = don’t care; see Refresh Counter section). If prior to the burst request the
counter is at XX11111102 then only 2 refresh 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 burst cycles.

8207

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 definitions 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 séen 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 8207 Response

80286
8207 A
Cormmand Function
Status Code Function
— e - = | 8086 Command
S2 | 81 |.S0 8086/80186 80286 PCTL | RD | WR Status Interface
0 0 0 Interrupt Interrupt Interface
0 [0 | 1 | VORead /0 Read 0 1010 |lgnore Ignore
01 ] 0 | vownte 110 Write 0 |0 | 1 | lgnore Read
0 1 1 Halt Idle 0 1 0 Ignore Write
1 0 0 Instruction Halt 0 ! 1 Ignore Ignore
Fetch 1 0 0 Read - Ignore
1 0 1 Memory Read | Memory Read 1 0 1 Read Inhibit
1 1 0 | Memory Write | Memory Write 1 1 0 | Write Inhibit
1 1 1 Idle Idle 1 1 1 Ignore . Ignore

Programming Word-

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 8206 ECC chip. The programming options allow the
designer to use asynchronous or synchronous buses, various clock rates, various speeds and types of
RAM, and others. This is detailed in Table 2.

This data is supplied to the 8207 over the PDI input pin. There are two methods of supplying this
data. One is to strap the PDI pin high or low with the subsequent restrictions 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 the bits in the program word change
between ECC and non-ECC conflguratxons

Table 2a.
Non-ECC Mode Program Data Word

. \

PD15 PD8 PD7 " PDO

[ o | o |tmi]PPR|FFs |exT|PLs| clo [ ci1 |RB1|RBO|RFS|CFS|sB [ SA | o |
Program
Data Bit Name Polarity/Function
PDO ECC E_C_C =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 CFS=0 Fastcycle iAPX 286 mode

CFS =1 Slow-cycle iAPX 86 mode
PD4 RFS RES=0 Fast RAM

RFS =1 Slow RAM
PD5 RBO 'RAM bank occupancy .
PDé6 RB1 See Table 4
PD7 Ci1 Count interval bit 1: see Table 6 in 8207 data sheet
PD8 Cclo - Count interval bit 0: see Table 6 in 8207 data sheet
PD9 PS PLS=0 Long refresh period

PLS =1 . Short refresh period
PD10 EXT EXT=0 Not extended

EXT = Extended
PD11 FFS FFS=0  Fast CPU frequency

FFS=1  Slow CPU frequency
PD12 PPR PPR=0 ' Most recently used port priority

PPR =1  Port A preferred priority
PD13 ™1 ™M1 = Test mode 1 off -

T™M1 = Test mode 1 enabled
PD14 0 Reserved must be zero
PD15 0 Reserved must be zero
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PD15

Table 2b

ECC Mode Program Data Word
L)

PD8 PD7

PDO

[Tz [re1]reo [PPR [ FFs [EXT] PLs [Cio | i | xB | XA |RFS[CFS[SB | SA | 1 |

Program
Data Bit Name Polarity/Function
PDO ECC ECC = ECC mode
PD1 SA SA=0 Port A is asynchronous (late AACK)
. SA-= Port A is synchronous (early AACK)
PD2 SB SB=0  Port B is synchronous (early AACK)
SB = Port B is asynchronous (late AACK)
PD3 CFS CFS=0 Slow-cycle iAPX 86 mode
CFS = Fast-cycle iAPX 286 mode
PD4 RFS RFS=0  Slow RAM
_ _liifs = Fast RAM
PD5 XA XA=0 Multibus-compatible XACKA
XA =1 AACKA not multibus-compatible
PD6 XB "XB=0 AACKB not multibus-compatible
) XB=1  Multibus-compatible XACKB
PD7 Cci Count interval bit 1: see Table 6 in 8207 data sheet
PD8 Clo Count interval bit 0: see Table 6 in 8207 data sheet
PD9 PLS PLS=0 Short refresh period
PLS = Long refresh period
PD10 EXT EXT =0  Master and slave EDCU
EXT EXT = Master EDCU only
PD11 FFS FFS =0 Slow CPU frequency
FFS = Fast CPU frequency
PD12 PPR PPR=0  Port A preferred priority
PPR = Most recently used port priority
PD13 RBO RAM bank occupancy
PD14 RB1 See Table 4 ,
PD15 T™2 T™M2 =0 Test mode 2 enabled
- TM2 =1 Test mode 2 off

Table 3. 8207 Default Programming

Port A is Synchronous—has early AACK

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 or 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 0, 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 configuration 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 ‘“C1.”” 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 determine 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 required by dynamlc RAMs. The only hardware requirement when inter-
facing the 8207 to 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 detarls the effects and requirements of input signals to the 8207 on the RAM array.

The 8207 contams an mternal address counter used for refresh and error scrubbing (when usmg the
8206 EDCU) cycles. The 8207 has 18 address inputs (AILO-AIL8 and ATHO-AIHS) which are multiplexed
to form 9 address outputs (AOO-A08) There are also 2 bank select (BS0, BS1) inputs for up to 4 banks
of RAM. The Bank Select inputs are decoded internally to generate RAS and CAS 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 S MHz
(CFS, FFS = 11, 10, 01, and 00, respectively). For clock frequencies between those, Count Interval
(CI1, 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.

19 18 | 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bank Col addr Row addr

Figure 1. 8207 Refresh Address Counter

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 RB0, RB1 programming bits, will not be scrubbed.

Bank Selects BS0, BS1; RBO, RB1

The 8207 is designed to drive up to 88 RAM:s in various configurations. The 8207 takes 2 inputs, BS0,
BS1, and decodes'them based on 2 programming bits, RBO, RB1, 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.
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RAS and CAS Reallocation

The 8207°s address lines are designed to drive up to 88 RAM:s directly (through impedance matching
resistors). The 4 RAS 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.

{

AASO ' I

€ASo 8 BITS I 8 BITS 6 ECC BITS*

RAST g

CAST f 8 BITS 1| 8 BITS 6 ECC BITS*

8207

A00-8

RASZ - ,

A r - 8 BITS } 8 BITS 6 ECC BITS*
(> BSO
C>—{s8st . :

RAS3

CAS3 N ——— 8 BITS } 8 BITS 6 ECC 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 RB0, RB1 programming bits (see Table 4). If the RB0, RB1 bits are programmed
for 2 banks, the 8207 will operate RASO and RAS] as a pair along with RAS2 and RAS3, CASO and -
CASI, and CAS2 and CAS3. Now the address drivers would be loaded by 78 RAMs and the RAS/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 non-error corrected configuration.

These programming bits do not help to qualify RAM cycles. Their purpose is to reallocate RAS/CAS
drivers. For example, if there is one bank of RAM and the bank select inputs (BS0, BS1) 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 RB0O, RB1 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 .| .
Bits Input RAS/CAS Pair Allocation

RB1 RBO| B1 BO ‘
mo.s, mo.s to Bank 0

o
o
o

lllegal Bank Input

lilegal Bank Input

Illegal Bank Input
‘RASy,1, CASp,1 to Bank 0

2,3, CK§2,3 to Bank 1

lilegal Bank Input

lllegal Bank Input

RAS, EAgo to Bank 0

RASq, ﬁ§1 to Bank 1 ‘
ﬁgg, §A§2 toBank 2

lllegal Bank Input

ﬁA§o, ﬁ§o to Bank 0
RAS{, CAS; to Bank 1

RAS,, CAS, to Bank 2

wm]alalalalala]lslalolololo]olo

Sl a2l OO =] 2Ol O0O|=]|ajO0ojO]=]aj0O]O

= lO]|=]O]|=]O]=]O|=]|]O]—=]O]=]O] =

ﬁA§3, EA§3 to Bank 3

16 BITS

2
@,
1Y)

RAS2 - ! 16 BITS

16 BITS

BSO
BS1

9 ?

Figure 3. 8207 2 RAM Bank Configuration
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Scrubbing

An additional function of the RB0, 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
alocation 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 refresh 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 value!. The length of the refresh cycle is always 2tRP + tRAS, and varies based upon the
programmed 8207 configuration.

In error-corrected systems, the refresh cycle is actually a read cycle. The 8207 outputs a row address,
then all RAS outputs go active. Next, a column address is output and then CAS. The CAS output
is based upon the RB0, RB1 allocation bits. Figure 4a shows the general timing for a four bank system,
and Figure 4b shows a two bank system.

<now x COLUMN X ROW < nowx COLUMNX ROW

RAS0-3 \ ‘ RAS0-3 \
CASO 7 \ | casos \

4 BANKS ~ 2 BANKS

Figure 4. Refresh Cycles for Error Corrected Systems *

(1) Measurements have shown a delay of 2-4% 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, the
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 error was correctablc, the 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 output data and the Error
ﬂag, pullup resistors of 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 some form of error logging or diagnostics should be considered.

Interleaving

The term “‘interleaving”’ is often used to refer to overlappmg 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
BSO0, 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 2164s 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
90% 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 (i.e., Port A, Port
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TC
80286 | TS { TC | TS | TC | TS |

16 MHz CLOCKl | I | I l I | I l I | I l I | I I I | I t
8077 "o 4 1 42 1 3 | bs 1ot 11 2 | 3 |

4
0 1 2 3

L S\ [
rst —\ —

CONFIGURATION C0—NO ECC (READ)

™ T4 T
I Ty T2 T3 T4 I T T2 T3 T4 | T | T2 |,
80186
BMHzCLOCKl | I i I | I | I l I I I I I I I I I I I |
6207 b ol 1+ 12 1 3 1 4 1ot 11 2 | 3 | 41
0 1 2 3 4

CONFIGURATION C3—NO ECC (READ)

Figure 5. Processor Performance With and Without Interleavmg

B, Port A, Port B, ...). If there are two banks of RAM mterleavmg will occur 50% of the time and,
if there are four banks of RAM, interleaving will take place 75% of the timel. To the extent that
a single port generates a majority of memory cycles, interleaving efficiency will approach 90% 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 Wthh 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 the total 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, BS1 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, then the BSO, BS1 inputs must be connected to address lines. Selecting a non-existant RAM
bank is illegal. Figure 6 shows a non-interleaved method.

as > : : BS1
as > : BS0

o4 8
: ‘ 8207

7485

Figure 6. Non-Interleaved 8207 Selection Circuit

With designs using interleaving, the least significant word address lines are connected to the BS0, BS1
inputs. With two banks of RAM, A1 from the Intel processor is connected to BS0. A2 is connected
to BS1, but not allowed to function until 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

CA19. e . AHT A9 D>e¢——0 : ’
: o AH7

as D azl I

s207 | . : H 8207

A2 BS1 A2 D"———?
« o— Bst

At — 8S0 %

) . PE. Al - BS, PE
: A , - ] ﬂ
5 ____] A
1K AB

A>B

A8 O—
= | g:';\c :
7485 o 7485

 Figure 7. Interleaved 8207 Selection Circuits
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The final consideration is for the RAS, RAS/CAS outputs. Remember that when the RB0, RB1 bits are
programmed for two banks, then RASO 1 operates in tandem (non-ECC mode/ECC mode - the CAS
outputs also work in tandem). Figure 8 shows the proper layout.

2
J—— RAM BANK
RASO/CASO | B
2 f
RAS2/CAS2 } OPTIONAL BANK
8207
2
L
RAS1/CAS = OPTIONAL BANK
RASI/CAS3 2
—= 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 (A0, BHE) must be latched. The 8207 can (and
will) change the input addresses midway through a RAM cycle.

Memdry 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. k

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 CAS 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 iIAPX286 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 processors.
For maximum performance, the 8207 will directly decode the status lines and operate off of the pro-
cessor’s clock. Additionally, thg 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 be 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 WR

RD, PCTL, and PE. The first three inputs connect directly to the iAPX 86, 88, 186, 188 SO-SZ
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 S2 high for one clock, then
tristates it. A pullup resistor to +5 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, PCTL 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 maximum per-
formance) is achieved using a synchronous status interface. This type of interface to the 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

The PE inputs serve tg_g_ualrfy a memory request. A RAM cycle, once started, cannot be stopped.
A RAM cycle starts if PE is seen active at the proper clock edge and a valid command is recognized.
If PE is activated after a command has gone actlve and inactive, no cycle will start.
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Types of logic that work well are 74138 and 7485. PE should be valid as much as s possible before
the command arrives because, as the address bus switches and settles, glitches 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 wﬂl occur. unless the command is removed. and brought
active again.

Back to Back Commands

Holding the RD, WK 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 port,from 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 used for single port
8086 based systems. MUX is used for dual port configurations, and LEN is used 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
‘ i <] iocke
MUX - )
8207 '
LocK I ! <] [ocKA
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 would be
. no MUX delays for 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.

|
' v
CMDB ! 1
MUX . )
A\ B A B/
‘ ' PORT A PREFERRED
wpp—— ) A}
RASX \ A XY B B

.

MUX ) -
A \ B i \ A
\ ‘ MOST RECENTLY USED

RASX \ X

B B8 A

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 optimizes 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

~If Port B is to interface to an 80286 w1th the synchronous status mterface, 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, LOCK is only used in dual port systems. The 8207 ‘iriterprets
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,

a 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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>

'S02

> LEN

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 perfod 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 references LOCK from the end of a cycle. The

82284
RESET

READY '

D>

CLK

82288

ALE |

——
> LOCK

Figure 12a. Synchronous interface
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82288
ALE

RESET
READY

- DEADLOCK

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 to this is that MUX cannot switch during the RAM cycle. This would delay
the other port’s memory access by one or two clocks.

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.

L

Bl

LOCK _—.l ‘ S0 Mux
LOCK
8207 <
uP \l »
2
5
2
NE
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 acknowledge’s per port, AACK and XACK. The AACK
output is configured into either an “early” or “Jate’”” AACK based on the SA, SB bits in the program
data word. In ECC systems there is one Acknowledge per port and it is configured to any one 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 programmmg 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 prror 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 béfore 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 trmmg s1gnals to control the input or
output of data to the RAMs. These control signals are DEN and DT/R. Refer to the microprocessor
handbook for their explanation. If these signals are not available, then PSEN and DBM provide 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 in/out 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.

PSEL >
PSEN -

:>!>———|'_'> OE PORTA
'}—DE PORT B

Figure 14. PSEL and PSEN Interface Circuit .
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Data Bus - Single Port

Recall that the 8207 alwziys performs a late write cycle and that thls’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.

RAM
ARRAY

OE 'S240(2) —# LOE  'S240(2)
J &
DBM >°—c )

2

?Q

TO uP DATA
BUS

Figure 15. Data Bus Circuit

Data Bus - Dual Port

Non-ECC

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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RAM
PORT B : ARRAY ~ PORTA
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S DATA IN $
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3 B
=D,
PSEL A ‘ - .
PSEN ‘

Figure 16. Dual Port Data Bus Control Circuitry
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CHAPTER 5
8207 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 during 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 combmatnon 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 m 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 R/W output of the 8207.
When CRCT is high, the 8206 does not do correction, but still checks the data. This delay is typically
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 (EAACK)
is delayed by one clock to allow for the delays thrqugh 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 (mcludmg 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

‘ ‘ o ‘
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 ;data 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 hold 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 vahd (if it was stable)

by the 8206.

Data Buffer Control - ECC

The control of the data buffers is essentially the same as in non-ECC sys‘tem‘s,,w'ith a few exceptio;isk.
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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/R signals must be qualified by the PE input. PE would have to be latched for the entire
cycle by PSEN.

Test Modes

Neither of the two test modes of the 8207 are to be used in a design. Both test modes reset the refresh
address counter to a specific 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 the prewrite sequence. But, the refresh counter is reset to a value of
1F7 (H). So, besides interrupting the refresh sequence, 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 |
- 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.

The read access calculations are: the margin-between*the 8207 starting a memory cycle to data 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 w1th 150 pf, and the 8286 is drlvmg a 300 pf data bus
80286 (example)

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

' =20 ns
80186 (example)

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. Wait States for Different .P and RAM Combinations

Wait states 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) (o0] 3-Byte WR Not (1)
+ C2 coynpatib!e
80186, 1-RD, WR 1-RD,WR 1-RD,WR with R?M
8086/88-2 8 MHz | 3-Byte WR 3-Byte WR 3-Byte WR parameters
C4 C4 C4
1 1T 1 ~1-RD, WR
8086/88 5 MHz ce cé cé 3-Byte WR
' (o7:3
8207 Performance (EDC synchronous status interface)
Table 5b. .P Clock Frequency for Differenc .P and RAM Combinations
Maximum frequency for -
one walt-state (4) RAM speed
CPU Freq 100 ns 120 ns 150 ns' 200 ns
7.3 MHz 6 MHz
M
80286 8 MHz Co co
80186, 7 MHz
soseige2 | MM FULL SPEED o4
8086/88 5 MHz
6-245 230822-001
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8207 Performance (Non-EDC synchronous status interface)

Table 6a. Walit States for Different .P and RAM Combinations

Wait states at full CPU speed ‘ RAM speed o
CPU Freq 100 ns 120 ns 150 ns 200 ns
0 1-Read 1-Read , Not(1)
"~ 80286 8 MHz 3 0-Write 0-Write compatible
co®) p
C1 C1 with
80186, 8 MHz 0 o o(@ RAM
8086/88-2 ‘ C3 C3 C3 parameters
0 0 0 0
8086/
B6/88 | SMHz, c3 c3 3 c3

Table 6b. uP Clock Frequency for Different uP and RAM Combinations

Ry |
CPU Freq 100 ns 120 ns 150 ns 200 ns
80286 8 MHz . 7 MHz 6 MHz 5.3 MHz
2832/68,8 5 8 MHz 7 MHz
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 O 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

. BAM 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
. 359ns 369ns. | 392ns 450ns
Data access tim d
ess time (read) @24 ns)l1l | (334 ns) | (357 ns) (415 ns)
: 400 ns-RD, WR 520 ns-RD, WR
XACK# acc time ’ i
coess fim 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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