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GENERAL DESCRIPTION

The Am29C668 4M Configurable Dynamic Memory
Controller/Driver (CDMC) is designed for high perform-
ance memory systems. The CDMC acts as the address
controller between the processor and the dynamic
memory array. It uses its 11-bit row latch and 11-bit-
column latch and counter to hold the row and column ad-
dresses, respectively, for multiplexing these to any
DRAM size upto 4M. These latches and counter and the
row/column refresh counter are usedto directly drive the
address lines of the DRAM array. The output of the 2-bit
bank latch is decoded to select the bank to be accessed.

The Am29C668 has two basic modes of operaticn,
read/write and refresh. In the read/write mode, the
Am29C668 latches the row, column, and bank ad-
dresses and multiplexes them to the DRAM array. This

multiplexing occurs under the control of the internally-
generated timing strobes in the Auto Timing Mode, or
the externally-generated MSEL in External Timing
Mode. The read/write mode of the Am23C668 may be
optimized for the shortest memory access time, through
burst/block access, “cache” mode access or nibble
mode access.

Inthe refresh mode, the refresh address is generated by
the Am29C668 refresh counter. This counter is auto-
matically adjusted for different DRAM sizes. If memory
scrubbing is not being implemented, only the row
counter is used to generate the row address for refresh.
When memory scrubbing is being performed in EDC
systems, both the row and column address counters are
used.

RELATED AMD PRODUCTS
Part No. Description
Am29C60A High Speed CMOS Cascadable 16-Bit EDC
AmM29C660E 9 ns CMOS Cascadable 32-Bit EDC
Am29C676 11-Bit Driver for 4M x 1 and 4M x 4 DRAMs
Am29C983 9-Bit x 4-Port Muttiple Bus Exchange
Am2965/6 8-Bit Dynamic RAM Driver Inverting/Non-Inverting
Am29C883A 9-Bit x 4-Port Multiple Bus Exchange, High Speed
Am29C385 9-Bit x 4-Port MBE with Parity
Am29C827A 10-Bit 48 mA Bus Buffer
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CONNECTION DIAGRAM

Top View
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Pin 1 is marked for orientation (PLCC only).

Am29C668
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CONNECTION DIAGRAM
Top View (Pins Pointing Down)

PGA*
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*Pinout matches socketed PLCC pinout and footprint.
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PGA PIN DESIGNATIONS

(Sorted by Pin Number)

Pin Pin Pin Pin Pin Pin Pin Pin
Name No. Name No. Name No. Name No.
AR1o A-2 CASEN: B-9 MCo F-10 o K-4
AC2 A-3 ACr B-10 MCi F-11 Qs K-5
ACs A-4 CASENo B-11 Vee G-1 GND K-6
AC4 A-5 ARg C-1 CASI/CASIEN G-2 Vee K-7
GND A-6 AC1o C-2 Vee G-10 Qs K-8
Vee A-7 ACs c-10 RASI G-11 Q7 K-9
ARs A-8 ARe c-1 CASo H-1 CH/TC K-10
ARs A-9 ACH D-1 RASo H-2 EBM K-11
CASENs A-10 ARo D-2 RASs H-10 GND L-2
CASEN; B-1 ARg D-10 CAS: H-11 Qg L-3
RL/CC B-2 AR7 D-11 CAS: J-1 Q L-4
AR B-3 ACo E-1 RAS: J-2 Qa L-5
AR B-4 ACq E-2 GND J-10 OE L-6
ARs B-5 SEL4 E-10 CAS: J-11 GND L-7
ALE B-6 SELo E-11 GND K-1 Qs L-8
ACs B-7 CcS F-1 Qo K-2 Qs L-9
ACs B-8 MSEL/MSELEN F-2 Quo K-3 RAS: L-10
(Sorted by Pin Name)

Pin Pin Pin Pin Pin Pin Pin Pin
Name No. Name No. Name No. Name No.
ACo E-1 ARs C-11 EBM K-11 Qs L-8
AC, D-1 AR7 D-11 GND A-6 Q7 K-9
AC2 A-3 ARs D-10 GND J-10 Qs L9
ACs A-4 ARg c-1 GND K-1 Qs L-3
ACs A-5 AR19 A-2 GND K-6 Qo K-3
ACs B-7 ALE B-6 GND L-2 RASo H-2
ACs B-8 CH/TC K-10 GND L-7 RAS, J-2
AC? B-10 CASo H-1 MCo F-10 RAS: L-10
ACs C-10 CAS;, J-1 MC: F-11 RASs H-10
ACs E-2 CAS: J-11 MSEL/MSELEN F-2 RASI G-11
ACuwo c-2 CAS; H-11 OE L-6 RL/CC B-2
ARo D-2 CASENo B-11 Qo K-2 SELo E-11
ARy B-3 CASEN; B-1 (o} K-4 SEL E-10
AR: B-4 CASEN: B-9 Qz L-4 Vce A7
ARs B-5 CASENs A-10 Q3 K-5 Vce G1
AR4 A-8 CASI/CASIEN G-2 Qq L-5 Vce G-10
ARs A-9 CS F-1 Qs K-8 Vee K-7
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PGA to PLCC PIN CONVERSION

A2 10 B9 25 F10 36 K4 57
A3 12 B10 28 F11 35 K5 55
Ad 14 B11 27 G1 67 K6 53
A5 16 C1 7 G2 68 K7 51
A6 18 Cc2 8 G10 38 K8 49
A7 20 C10 30 G11 37 K9 47
A8 22 C11 29 H1 65 K10 45
A9 24 D1 5 H2 66 K11 43
A10 26 b2 6 H10 40 L2 60
B1 9 D10 32 H11 39 L3 58
B2 11 D11 31 J1 63 L4 56
B3 13 E1 3 J2 64 L5 54
B4 15 E2 4 J10 42 L6 52
B5 17 E10 34 Jit 41 L7 50
B6 19 E11 33 KA 61 L8 48
B7 21 F1 1 K2 62 L9 46
B8 23 F2 2 K3 59 L10 44
LOGIC SYMBOL

=) Ao

:ﬂ:> ACo-10 _ll—__r\ﬁ/

—5¢—+] sELo; e

—% MCo,; RASos |7

— A CASos —FF—

————} RASI EBM —*

—1 MSEUMSELEN CH/ITC ————*

— ] CASI/CASIEN

+’ TASENo-3

——] RL/CC

— e

——— OFE Vee GND

4 6
Die Size: 0.233" x 0.165” Gate Count: 3600 11068-004B
Package Information
Parameter PGA PLCC Units
6o 34 35 °C/W

6-74

Am29C668



AMD n

ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number {Valid Combination) is
formed by a combination of these elements: Device Number

AM29C668

Speed Option (if applicable)
Package Type

Temperature Range
Optional Processing

-r_—— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70° C)

PACKAGE TYPE

G = 68-Lead Pin Grid Array
without Heatsink {CGY068)

J = 68-Pin Plastic Leaded Chip
Carrier (PL 068)

SPEED OPTION
-1 =29ns
Blank = 34 ns

DEVICE/NUMBER/DESCRIPTION
Am29C668
4M Configurable Dynamic Memory Controller/Driver

Valid Combinations
Valid Combinations list configurations planned to

Valid Combinations

AM29C668 be supported in volume for this device. Consult
JC, GC the local AMD sales office to confirm availability of

AM29C668-1 o >
specific valid combinations, ta check an newly re-

leased combinations, and to obtain additional
data on AMD’s standard military grade products.

Am29C668
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ORDERING INFORMATION
APL Products

AMD standard products are available in several packages and operating ranges. The ordering number {Valid Combination) is

formed by a combination of these elements:

AM29C668 -1 /B 4

Device Number
Speed Option (if applicable)

Device Class

Package Type

Lead Finish

c

T——— LEAD FINISH
C = Gold
PACKAGE TYPE

Z = 68-Pin Ceramic Pin Grid Array
without Heatsink (CGY068)

DEVICE CLASS
/B = Class B

Am29C668-1

SPEED OPTION
-1=35ns

DEVICE/NUMBER/DESCRIPTION

4M Coenfigurable Dynamic Memory Controller/Driver

Valid Combinations

AM29CE68-1 /BZC

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office 1o confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD's standard military grade products.

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9,10, 11

6-76
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PIN DESCRIPTION

ACor0and ARs10
Column and Row Address Inputs (Inputs(22))

The address on these lines is latched by the LOW going
edge of the Address Latch Enable (ALE) signal. ACo-10
are connected to the lower side of the system address
bus and are driven on the output address lines Qo-10
when the MSEL (Multiplexer Select) signal is HIGH.
ARo-10 are connectedto the upper side of the system ad-
dress bus and are driven on the output address lines
Qo0 when the MSEL signal is LOW.

ACo-7 and ARo-7 are used for 64K DRAMSs.
ACo-s and ARo-s are used for 256K DRAMs.
ACo-9 and ARo-9 are used for 1M DRAMs.
ACo-10 and ARo-10 are used for 4M DRAMs.

ALE
Address Latch Enable (Input; Active HIGH)

This input causes the Row Latch, Column Latch and
Counter, and the Bank Latch to become transparent al-
lowing the latches to accept new input data. A LOW in-
put on ALE latches the input data, assuming it meets
specified set-up and hold requirements.

CH/TC

Cache Hit/Terminal Count

{Outputs; Active LOW/HIGH)

This is a dual function output, dependent upon the Mode
Controlinputs in the Configuration Register. If the Mode
Control inputs are 1,0 {MCo,1 = 10) the Am29C668 is in
the Refresh-With-Scrubbing or Initialize mode and this
output acts as the Terminal Count (TC).

Cache Hit (CH) (if bit #6 in the configuration register
is set to “17)

This output goes active (LOW) when the current mem-
ory access is to the same row and the same bank as the
previous access. The CH signal is used to facilitate Fast
Page Mode or Static Column accesses.

As Terminal Count, this output goes active (HIGH)
when the Refresh Counter has gone through an entire
count. The Refresh Counter is user configured for
DRAM size (64K, 256K, 1M, 4M) and number of banks
(2 or 4}, which are programmable via the Memory Size
Bits and the RAS/CASConfiguration Bit, respectively, in
the Configuration Register (Reference Figure 6). The
TC signalis used to indicate the end of initialization in an
Error Detection and Correction (EDC) system.

CASM
Column Address Strobe (Outputs (4); Active LOW;
Three State)

Each CAS. output will go active when selected by
SELo, in a bank-wise CAS decoding method (CDM =0,
reference Figure 6) or when selected by CASENoaina
byte-wise CAS decoding implementation. This will oc-
cur only when CASI goes active in the External Timing

Mode or when CASIEN and the intemally generated
CAS go active in the Auto Timing Mode.

Each output provides a CASnsignal to one of four banks
of the dynamic memory, if four banks are used. If two
banks are used, each bank can use 2 CAS, signals to
reduce the capacitive load on each. The number of
banks (2 or 4) is programmable via the RAS/CAS: Con-
figuration Bit in the Configuration Register (reference
Table 4).

The CASa outputs contain pull-up resistors which en-
sure a logical HIGH (inactive) when in the high im-
pedence state.

CASEN,,

Column Address Strobe Enable

{Inputs (4); Active LOW)

When a byte-wise method is used for TAS decoding
these four inputs are decoded externally to handle byte
operations. The timing generation may be Auto or Exter-
nal. Only those CASa outputs will be activated whose
corresponding CASENn inputs are selected by the exter-
nal byte decode circuit.

When a bank-wise method is used for CAS decoding
these inputs are not used.

CASI/CASIEN

Column Addess Strobe Input/Column Address
Strobe input Enable (Input; Active HIGH)

Thisis a duaifunctioninput. Inthe External Timing mode
this input is used as CASI. With a bank-wise CAS de-
coding method, the internally decoded CAS output is
forced LOW after CASI goes active. When used as
CASI with a byte-wise decoding method, the selected
CASs output is forced LOW depending upon the exter-
nally decoded CASENs inputs after CASI goes active.

In Auto Timing Mode this input is used as CASIEN. With
a bank-wise TAS decoding method, the decoded CASn
output is forced LOW, if both the internally generated
CAS and the CASIEN signals are active. This input is
used to delay the CASs-3 outputs from going active if de-
sired, resuiting in a longer auto timing access sequence.
This input is generally not used as CASIEN with a byte-
wise CAS decoding implementation.

CsS

Chip Select (Input; Active LOW)

This input is used to enable the Am29C668. When ac-
tive, the Am29C668 operates normally in all four modes.
When CS goes inactive (HIGH), the device will not enter
the Read/Write mode.

EBM

End Burst/Block Mode (Output Active HIGH)

This output is only used in the burst/block mode of data
transfer. It indicates to the processor that the
Am29C668 cannot perform any more data transfers in
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the burst/block mode for one of two reasons. Either the
DRAM page boundary is reached (in which case a new
row address is required from the processor), or a pro-
grammed allowable number of transfers has been com-
pleted.

GND (6) 0 V Power Supply

These pins are the 0 V power supply for the Am29C668.
Allgrounds must be connected for proper device opera-
tion.

MC,: Mode Control (Inputs (2))

These inputs specify one of four modes of operation of
the Am29C668. Operating modes are described in
Table 1.

MSEL/MSELEN

Multiplexer Select/Multiplexer Select Enable (input;
Active HIGH)

Thisis a dualfunctioninput. Inthe External Timing mode
this input is used as MSEL. When MSEL is HIGH the
column address is selected. When MSEL is LOW the
row address is selected.

In the Auto Timing Mode this input acts as MSELEN.
When MSELEN is HIGH and the internally generated
MSEL is active the column address is selected. When
MSELEN is LOW orthe internally generated MSEL is in-
active the row address is selected. MSELEN is used to
delay the address change from row to column, if de-
sired, resulting in atonger auto timing access sequence.

The address may come form either the address laiches
and counter or the refresh address counter depending
upon MCo.1. The MSEL/MSELEN input is only applica-
ble inthe Read/Write or Refresh with Scrubbing Modes.

OE

Output Enable (Input; Active LOW)

This input enables/disables the output signals. When
OE is inactive (HIGH), ali address outputs of the
Am29C668 enter a high impedence state and the RASa
and CASn outputs are pulled inactive (HIGH).

00-10

Address Outputs (Outputs(11);Three State)

These edge rate controlled outputs drive the dynamic
memory address inputs. The drivers on these lines are
able to drive high capacitive loads, which are specified
at 350pF. Greater capacitive loads may also be driven,
however. See section labeled “Typical Change in
Propagation Delay vs Loading Capacitance” following
the AC Characteristics.

RASos

Row Address Strobe (Outputs (4); Active LOW,;
Three State)

Each Row Address Strobe output provides a RAS sig-
nal to one of four memory banks. Each will go low when
selected by SELo1 and only when RASI goes HIGH. All
four go LOW in response to RASH in the refresh modes.

When a 2 bank RAS/CAS configuration is selected
(RCC = 1), RASoand RAS: are tied together internally,
as are RAS2 and RASa. This reduces the capacitive
loading on the RAS, outputs in a two bank system (refer-
ence Table 4).

In four bank mode, the RASn outputs are decoded with
SELa1. In two bank mode these outputs are decoded
with SELo. In this case SEL1, should be tied LOW.

The RASh outputs contain pull-up resistors which en-
sure a logical HIGH (inactive) when in the high im-
pedence state.

RASI
Row Address Strobe Input (Input; Active HIGH)

During normal memory cycles, the decoded RAS, out-
puts (RAS0,RAS:, RAS2,RASs) as determined by SELo.1
and the RCC bit in the Configuration Register are forced
LOW after RASI goes active HIGH. During refresh, all
four RASh outputs go LOW after RASI goes active
HIGH. If auto timing is enabled, the HIGH going edge of
RASI also initiates the internal timing cycle and its LOW
going edge terminates the internal timing cycle.

RL/CC

Register Load/Column Clock (input)

This is a dualfunction pinwhich depends upon the Mode
Control inputs (MCo.1). It MCo,1 =11, the Am23C668 is in
the Reset Mode and this pin acts as the Register Load
signal. If MCo.1 = 01 the Am29C668 is in the Read/Write
Mode and this input acts as the Column Clock signal.

When used as Register Load, the LOW-to-HIGH edge
of the signal loads either the Burst Count Register, the
Mask Register, or the Configuration Register via the
ACo.10 Address Inputs. (Reference Figure 5).

When used as Column Clock, the HIGH-to-LOW edge
of the signal increments the Column Counter during
burst and nibble mode accessing.

SELo,:

Bank Select (Inputs (2))

These two inputs are the highest-order address bits
when the Am29C668 is used inthe normal access mode
or in the burst/block access mode. SELo,1 is used inthe
Read/Write Mode 1o select which bank of memory will
receive the RAS, and CASn signals when RASI and
CASl{orthe internally generaied CAS inthe auto-timing
mode) go active HIGH. The CASx signals will not be de-
coded from SELo 1 if a byte-wise CAS decoding scheme
is selected. In two bank mode, only SELo is used. SEL,
should be tied LOW.

Vec (4)+5V

Positive Power Supply Voltage

These inputs provide the power necessary to operate
the Am29C668. All power supply inputs must be con-
nected for proper device operation.

678 Am29C668



AMD &\

Table 1. Mode Control Function

MCo MC, Operating Mode

Refresh Without Scrubbing (a more detailed description can be found in the
section entitled “Refresh Modes”)

a) RAS-Only Refresh: Refresh cycles are performed with only the row refresh counter be-
0 0 ing used to increment addresses. In this mode, all four RAS, outputs are active while the
four CASnoutputs are held inactive.

b) CAS Before RAS Refresh: Refresh addresses are generated internally by the DRAMs.
In this mode, all four CASn outputs are active followed by all four RAS, outputs going
active. This new type of refresh is selected via the CBR-bit in the Configuration Register. In
this mode, RASI controls the CTAS» outputs and CAS! controis the RAS, outputs.

Refresh With Scrubbing/Initialize (EDC Systems)

This mode may be used oniy in systems with Error Detection and Correction (EDC)
capability. In this mode, refresh cycles are performed with both the row and column refresh
counters generating the addresses. MSEL is used to select between the row and column

1 0 addresses. All four RASh signals go active in response to RAS! and one CAS, output

goes active in response to CASI. The CAS, output is decoded from the bank refresh
counter. The remaining three CASn outputs are left inaclive, while their respective banks
undergo normal refresh. This mode is also used to initialize the memory array by writing a
known data pattern and corresponding check bits.

Read/Write
0 1 This mode is used to perform read/write operations. The row address is taken from the

row latch and the column address is taken from the column latch and counter. SELo.1
are decoded to determine which RASs and CAS» will be active.

Reset/Configuration

1 1 This mode is used to clear the refresh counters and the Register Logic. These operations
are performed on the HIGH-to-LOW transition of RASI. This mode is used to load the con-
figuration, burst count, and mask registers.
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Table 2. Address Output Function

CS MC, MC. Internal Mode Address
MSEL Multiplexer
Output
0 0 X Refresh W/O
Scrubbing Row Counter
Y 1 1 Refresh with Column Counter
0 0 Scrubbing Row Counter
1 0 1 Read/Writ Column Latch
0 ea e Row Latch
1 1 X Reset/Configuration All Zero
e 0 X Refresh on " Row Counter
Scrubbing
0 1 1 Refresh with Column Counter
1 0 Scrubbing Row Counter
1 0 X Read/Write All Zero
1 1 X Reset All Zero
X = Don't care
6-80 Am29C668
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Table 3. RAS Output Function

Inputs Outputs
Internal | CS MC | SEL" | mcee MODE RAS.

RASI 10|10 3 2] 1]o0
0 X X X| XX X No operation 1 1 1 1
00 (XX X Refresh W/O Scrubbing 0 0 0 0
01| XX X Refresh with Scrubbing 0 0 0 0
00 0 1 1 1 0
X 0 1 1 1 0 0
01 0 1 1 0 1
0 X 1 1 Read/Write 0 0 1 1

10
1 10 0 1 0 1 1
X 0 1 1 1 0 0
11 0 0 1 1 1
X 1 1 0 0 1 1
11X X X Reset/Configuration 0 0 0 0
00 Refresh W/O Scrubbing 0 0 0 0
0 1 Refresh with Scrubbing 0 0 0 0

1 X X X

10 Read/Write 1 1 1 1
11 Reset 0 0 0 0

* After Internal RASI is asserted, changing SELo,1 will not effect the RASh decoding until Internal RASI is deasserted.
** Reference Figure 6.

Table 4. RAS/CAS Configuration Decode*

RCC Mode RAS/CAS CONFIGURATION

RASo CASo BANK 0
RAS CAS, BANK 1

0 4-Bank
RAS:2 CAS2 BANK 2
RASs3 CAS3 BANK 3
RASo CASo BANK 0
RAS; CAS;

1 2-Bank
RAS2 CAS: BANK 1
RAS3 CAS3

*CDM=0
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Table 5. CAS Output Function

Inputs Outputs
com* | internal|{ CS |CBR*| MC SEL* tnternal RCC* CASn
CASI* Counter
1010 10 3l 2]1]o
! 00 X X X 0 0 0 0
0 1 1 1 1
1 X X X X 1 1 1 1
0 0 1 1 1 0
0 1 111 oo
0 0 1 0 1 1 0 1
0 1 X X 1 0 0 1 1
1 0 0 1o [ 111
1 1 1 0 0
1 1 0 0 1 1 1
0 1 0 1 0 0 1 1
00 0 1 1 1 0
1 1 1 0 0
X R
X | 10 X X !
{0 0 1 0 1 1
1 1 1 0 0
11 Q 0 1 1 1
1 0 0 1 1
11 X X X X X 1 1 1 1
1 0 0 0 0
0 X X X X X
0 0 1 1 1 1
1 X X X X X 1 1 1 1
0 0 CH B B R
1 0 0 1 1 0 1
o 1
01| X x N N
1 0
1 1 1 0 0
11 0 0 1 1 1
1 0 0 1 1
1.0
X T X X X X X 1 1 1 1
0 X X X X X X X X X 1 1 i 1

In the external timing mode, Internal CAS
and is enabled by the CASIEN inputs.

After Internal RAS! is asserted, changing SELo,1 will nat effect the CASn decoding until Internal RASI is deasserted.
Reference Figure 6. For CDM = 1, CASEN = 3 will enable their respective CASo = 3 in read/write mode.

follows the CASI input. In Autotiming Mode, this signal is generated internally
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FUNCTIONAL DESCRIPTION (Note 1)
General Description

The Am29C668 4M Configurable Dynamic Memory
Controller/Driver provides the controls required to oper-
ate dynamic RAMs up to 4Mbit x n. Manufactured in sub-
micron CMOS technology, the Am29C668 performs the
address control and generation function and strobe con-
trol and generation for 64K, 256K, 1M or 4M DRAMSs.
The Am29C668 controls the address to the DRAMSs
from the processor in the read/write mode and it gener-
ates and controls the address to the DRAMS in the re-
fresh mode. The Am29C668 also generates the row and
column address strobe signals in the read/write and re-
fresh modes.

The Am29C668 has on-chip series damping resistors
on its driver outputs to restrict the output signals to
+0.8-V overshoot and -1.0V undershoot maximum
(See Switching Waveforms).

Logic Overview

The functional blocks of the Am23C668-can be summa-
rized as follows (reference block diagram):

Row Logic

Column Counter and Logic

Bank Logic

Programmable Registers and Logic
Auto/External Timing Logic
Power-Up/Strobe Logic

DRAM Page Boundary Logic
Refresh/Scrubbing/Bank Counters
Address Multiplexer

RAS/CAS Logic

Row Logic

This block (Figure 1) consists of a Row Latch, a Regis-
ter, and a Comparator. The 11-bit Row Latch holds the
DRAM row address. It is transparent when the Address
Latch Enable signal is HIGH, and the address is latched
on the LOW-going edge of ALE.

To
Address
MUX

RC

ARp_10 ] Row Row
Latch]  Load JRegister

ALE
-
rasi _F

11068-005A
Figure 1. Row Logic

Note:
1. Modes of operation are described beginning on page 22.

The 11-bit Row Register holds the row address of the
previous DRAM access. The register is clocked at the
beginning of every access where MCo, =01 by the HIGH
- going edge of the RASI input.

The Row and Bank Comparator compares the row and
bank addresses of the current access with the row ad-
dress of the previous access and generates the Cache
Hit (CH) signal. CH is LOW if the current row and bank
addresses are the same as the previous row and bank
addresses, respectively. CH is highif they are not. This
indicator is used by the external timing generator during
Cache Mode accesses. The RASI input is held active
(HIGH) if consecutive accesses are to the same row in
the same bank, saving precharge time and access time
on the current RAS. The RAS! input is deactivated if
consecutive accesses are to different rows or banks,
thereby ending the “cache” access.

Column Counter and Logic

The block (Figure 3) consists of the Column Latch and
Counter. The 11-bit loadable counter holds the DRAM
column address. The counter is transparent when ALE
is HIGH and the address is loaded on the LOW-going
edge of ALE. The HIGH-to-LOW edge of the signal in-
crements the Column Counter. ALE mustbe LOW inor-
der to increment the counter.

:> Column
ACo-10 Counter 1 > Adzi?ess
and Multiplexer

ALE Logic
A

CC |

Figure 3. Column Counter and Logic

11068-007A

If the Nibble Count bit of the Configuration Register is
enabled (NIBCNT = 1), then only the two LSBs of the
Column Latch are clocked, generating a moduio four
nibble count (Reference Nibble Mode section).
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Programmable Registers and Logic

This block (Figure 5) consists of the Configuration Reg-
ister, Burst Count Register, Mask Register, Column
Comparator Logic, Register Load Logic, and DRAM
Size Decoder.

In order to load the 11-bit Configuration Register, a de-
vice reset (MCo,1=11 with RASI §) must occur followed

by switching MCo, or MC1 to O (to end reset operation).
Then the Configuration Register is loaded via the col-
umn address bus (ACo-10) by the High-going edge of
RL/CC signal () with MCo, 1=11. The Configuration
Register is programmed to select the options shown in
Figure 6 (reference Figure 15).

From Column Latch and Counter

11
m Burst 11 Column
RCount Comparator
egister Logi
Load 9 " ogic
Preload |
cC
(internal)
From
R':ga}:ter Cilaut?hr; 11 DRAM
— -
RLcC Register Load Counter 8 Pa%e
MCo1—* Load 3 oundary
: i Preloadl Logic
oS Logic | |
NIBCNT
RCC
Coni . CcDM
onfiguration | CBR
Load Register MSIZEor , DRAM
oM 7 Size
™ 23 Decoder

| Preload I

From Power Up/
Strobe Logic

11068-009C

Figure 5. Programmable Registers and Logic

The 11-bit Burst Count Register is loaded via ACo-10 by
the HIGH-going edge of RL through the Register Load
Logic. This register is preloaded with all 1’s (for a maxi-
mum burst count) in the Reset mode after power-up,
and is only used in the Burst/Block mode of access, if a
programmed nhumber of accesses is required. This reg-
ister is loaded with the maximum number of transfers to
occur during any burst/block access. This number is de-
pendent on the specifics of the system (i.e... page size
or processor type).

The 11-bit Mask Register is loaded via ACo.10 by the
HIGH-going edge of the RL signal through the Register
Load Logic. This register is preloaded with all 1's (for all
bits to be compared) in the Reset Mode after power-up,
and is only used in the Burst/Block mode of access, if a
programmed number of accesses is required.

This register allows a burst to be made which is shorter
than the page size of the memory. When the Mask Reg-
ister is loaded with a “1" in a bit location, the carrespond-
ing bit inthe Column Latch and the Burst Count Register
is compared. This register also aligns the Column Latch
and Counter for succeeding bursts of full length if they
occur immediately after termination of the prior burst.
The Mask Register is loaded with 00000001111 for a
16-bit maximum burst.

The Column Comparator Logic compares the contents
of the Column Latch and Counter with that of the Burst
Count Register (which contains the end of burst count
value). The HIGH bits in the Mask Register determine
which of the 11-bits of the Column Latch and Counter
and the Burst Count Register are compared. This logic
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is used only in the Burst/Block mode of access. Refer-
ence Figure 6a.

The Register Load Logic loads the Burst Count, Mask
and Configuration Registers via the address bus
(ACo-10) dependent upon the state of the Register Load-

ing diagram in Figure 7. RL/CC Decoder and Register
Load Logic are shown in Figure 8.

The DRAM Size Decoder determines the DRAM size
being used. The MSIZE1 o bits in the Configuration Reg-
ister are used to decode the size of the DRAMs being
used as shown in Figure 6.

i0 9 8 7 6 &5

I

** Test (TST10)
*00 = Normal
X1 =Test
1X =Test

Reserved

Timing Mode (TM) —
0 = Auto
*1 = External

I— Nibble Count (NIBCNT)
* 0 = Disabled
1 = Enabled

RAS/CAS Configuration (RCC) +
*0 = 4 Banks
1= 2

'— CAS Decode Method (CDM)
*0 = Bank

A
0
1 = Byte

Cache Mode (CM) — L— CAS Before RAS (CBR)
1 = CM selected * 0 = Disabled
*0 = CM not selected 1 = Enabled
Memory Size (MSIZEo,1)
00= 64K
01= 256K
*10= 1M
1= 4M 11068-010A

* Default. The Am29C668 will power up in Am29368 mode if the user does not reprogram the configuration register.

t+ Reference Table 4.
“* These bits are used during factory testing only.

Figure 6. Configuration Register Options
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COLUMN LATCH/CNTR (BIT 0)
BURST COUNT REG (BIT0)

m

MASK REG (BIT 0)

MSB
10 9 8 7
BURST COUNT REG 0 0 0 1

MASK REG 0 0 0 1

COLUMN LATCH/CNTR X X X 0

} COMP OQUTPUT

LSB

T 1 1 1 1 1 256 Transfers

1 1 1 1 1 1

1 0 0 1 0 1 101 7\

1 0 0 1 1 0

i 0 0 1 1 1

L]

o >- 155 Transfers
L]

L ]

]

11 1 1 1 1 255 ) —= EBM _f

0O 0 0 0 0 O 0 "\

0O D 0O O 0 1

o 0 0 0 1 0

¢ >- 256 Transfers
L ]

L ]

L]

L]

111 111 255 = EBM ¥

11068-042A

Figure 6a. Programmable Burst Logic with 256-word Burst Length Example

In this example, the self alignment feature of the
Am29C668 is shown. The first burst is terminated on the
DRAM page boundary by the EBM output. All subse-
quent bursts are then set at 256 transfers, which has
been programmed via the Burst Count and Mask
registers.

Auto/External Timing Logic

When Auto Timing mode is selected via the Timing
Mode (TM} bit in the Configuration Register (TM = 0),
this circuit generates internal timing delays between
RASI-MSEL and MSEL-CASLI. These delays are opti-
mized for use with 100ns DRAMs.

Inthe Auto Timing mode the CASI/CASIEN input acts as
CASIEN. In this mode internal CAS is generated from
the active (HIGH) edge of RASI and is deactivated when
RASI goes inactive by the Auto Timing Circuit. This in-
ternally generated CAS is gated with the CASIEN input
to generate the CASn outputs. This gating circuit allows
the Auto-Timing to be externally overridden (Figure 9). It
is used for specialty DRAM accesses.

In the External Timing mode (TM = 1), the internai
CAS signal follows the externally generated CASI
input.
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In the Auto Timing Mode the MSEL/MSELEN input acts
as MSELEN. In this mode, internal MSEL is generated
fromthe active (HIGH) edge of RASI, and is deactivated
when RASI goes inactive, by the Auto Timing Circuit.
This internally generated MSEL is gated with the
MSELEN input to generate the internal MSEL signal.
This feature is used to extend row address hold time via
external contrel (overriding the Auto Timing feature).

Inthe External Timing mode (TM = 1), the internal MSEL
signal follows the externally generated MSEL input.

The Auto Timing mode allows 4 banks of 16-bit data plus
6 EDC check bits or 2 banks of 32-bit data plus 7 EDC

check bits comprised of 100ns DRAMs to be operated
without external drivers.

Power-up/Strobe Logic

This block automatically presets the Am29C668 to the
detault condition upon power-up (Figure 6). This circuit
also generates allthe internal control signals for the Re-
fresh Counter, Configuration, Burst Count, and Mask
Registers, the Register Load Logic, and the Bank Regis-
ter.

LONNO
Configuration

Register?

ENTRY ENTRY
RESET if Configuration If Configuration
(MCo, 1 = 11) Register Loaded Register and
RASI and no RESET Mask Register Loaded
and no RESET
MCo =0 _A\‘
or
MCi1 =0

Yes

RLEK
CoFr;figuration Load
egister Burst Counter
Loaded ALK Register?
Mask Register
Loaded

RLE
Burst Counter
Register
Loaded

Yes

Do
R/W or Ref.

11068-013C

Figure 7. Register Loading (See paragraph on next page)
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Figure 7. Register Loading. The Configuration Regis-
ter must be loaded before the Mask and Burst Count
Registers may be loaded. Once the Configuration Reg-
ister is loaded, the Register Load Logic will toggle be-
tween loading the Mask Register and Burst Count Reg-
ister. The Configuration Register may only be loaded

immediately after a reset. The Mask Register and Burst

- Count Register are only used in the Burst/Block access

mode, in other modes only the Configuration Register
need be loaded if the user wishes to alter its default
mode indicated in Figure 6.

RUEC CcC Col Latch
olumn Latch/
———MCO RL/CC Counter
MC Decoder
‘ RL
s J.D_— Register + Load Burst Count Register

Control

Lload |————— Load Mask Register
logic | & |cad Configuration Register

11068-043A

Figure 8. Register Load Logic and RL/CC Decoder
(Register Logic)

DRAM Page Boundary Logic

This logic block indicates to the processor when a page
boundary on the DRAM is reached. It monitors the con-
tents of the Column Latch/Counter and, depending
upon the outputs of the DRAM Size Decoder, signals an
End of Burst/Block Mode (EBM) when a page boundary
is reached. A page boundary condition is reached when
the contents of the Column Latch/Counter equals the
DRAM page boundary address.

This logic is used only in the Burst/Biock mode of ac-
cess.

Refresh/Scrubbing/Bank Counters

This block (Figure 10) contains the 11-bit Row Refresh
Counter, 11-bit Column Refresh Counter, and 2-bit
Bank Refresh Counter. All three counters are synchro-
nous and are reset when MCo.1 = 11 and RASI transi-
tions from HIGH to LOW. These counters are clocked
when MCo,1 = 00 or 10 and RASI transitions from HIGH
to LOW.

The size of the Row and Column Refresh Counters are
automatically adjusted for the DRAM size being used.
This is done by selecting the proper Row Counter output
to go to the low order Column Counter input and simi-
larly selecting the proper Column Counter output to go
tothe low order Bank Counter input. This selectionis de-

termined by the outputs of the DRAM Size Decoder with
the help of a multiplexer.

The RAS/CAS Configuration Bit of the Configuration
Register selects which bit of the Bank Counter is used
for the Terminal Count (TC) output, depending upon
whether 2 or 4 banks of DRAM are used.

=== 1
! |
1] Internally |
|1 Generated |
| CAS |
CASIEN i ' TAS,
From
Processor : |ntgglhalllgo :
e |
11068-014A

Figure 9. Auto Timing with External Override

Address Multiplexer

This block is an 11-bit, four input multiplexer which se-
lects the address to the DRAMSs. Its four address inputs
are the row latch output, column latch/counter output,
row refresh counter output, and column refresh counter
output. The MCo s, internat MSEL, and TS input signals
are deceded to select one of the four addresses.
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Address Adgiress
Muhlfﬂexer Multiplexer RCC from
Configuration —
From DRAM 3 e 1 Register 2 % v S/
Size Decoder 77 I | agic
Q
Row 0 Column Q D Bank TC
Refresh Refresh Refresh }——»
? Counter Counter Counter
Clock I I l
Clear
11068-012A

Figure 10. Refresh/Scrubbing/Bank Counters

RAS/CAS Logic

This block (Figure 11) contains the CTAS Before
RAS Logic, RAS and CTAS Decode Logic, CAS En-
able Logic, and CAS Multiplexer.

The CAS Before RAS Logic switches the RAS and
CTAS lines to the RAS and CTAS Decode Logic if the
CBR selection bitin the Configuration Registeris set (1).
This allows a TAS Before RAS refresh to be accom-
plished without altering the order of the RASI and CASI
input strobes. Refresh With Scrubbing (MCo,1 = 10) is
not aliowed when the CBR bit is set (1).

The RAS and CAS Decode Logic decodes the internal
RAS and TAS timing signals to generate the four RASh
and four CASh output signals.

The CAS Enable Logic is used if a byte-wise CAS de-
coding method is selected. Byte enables are decoded
externally and are connected to the CASENo.a inputs. In
the CAS Enable Logic all the CASENo 3 signals are in-
dividually gated with the internal CAS signal to gener-
ate the CAS, proper outputs.

The CAS Multiplexer is a 4-bit, two input multiplexer. It
selects one set of CASh signals to the output depending
upon the CAS decode method being used (selected by
the CDM bit in the Configuration Register} and the oper-
ating mode (selected by MCo,1).

From Bank 2
Refresh Counter 7
RCC
CDM .
<BR| mAS OE
MC and J—
MC, MCi | CAS AAS 0-9
_MCQ_ —g| Decode
1 For Y —=21 Logic
— 1 TAS 9 =F
CBR | Before :2:: OF
RAS 4 RS
INTCAS Logic ,/ . CASqg.a
INTRAS CAS
I E— 4, MUX
CAS 7
CASEN o3 — ELnat?Ie
o ogic
_CBR |
CDM CAS
MCo MUX
MC; Control
11068-011A
Figure 11. RAS/CAS Logic
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MODES OF OPERATION

The Am29C668 has two basic modes of operation,
read/write and refresh.

Read/Write Modes

In the read/write mode the Am29C668 latches the row,
column and bank addresses and multipiexes them to
the DRAM array under the control of the internally gen-
erated timing strobes in the Auto Timing Mode or the ex-
ternally generated MSEL in the External Timing Mode.
The timing option is selected via the Timing Mode (TM)
bit in the Configuration Register (Figure 6).

The row address is latched in the DRAMSs by the active
{LOW-going) edge of the RAS, output, which follows the
active (HIGH-going) edge of the RASI input. The ad-
dress lines are then switched to column address by
either an internally generated signal in the Auto Timing
Mode or by pulling MSEL active HIGH in the External
Timing Mode. The column address is latched in the
DRAMSs on the active (LOW-going) edge of the CASn
output, which follows either an internally generated sig-
nal in the Auto Timing Mode or the active (HIGH-going)
edge of the CASI input in the External Timing Mode.

The read/write mode of the Am29C668 may be opti-
mized for the shortest memory cycle time, through burst/
block accesses, nibble mode accesses, or “cache”
mode accesses.

Burst/Block Mode

When a burst/block access is requested by the proces-
sor, the Am29C668 latches the initial row, column, and
bank addresses. Subsequent column addresses are
generated internatly by the Am29C668, ailowing con-
secutive memory locations to be accessed at high
speed without the processor actually generating each
memory location address. This type of transfer can be
used by high performance processors to fill their on-chip
or external cache when a cache miss is encountered.

During a burst access the CC input of the Am29C668 is
toggled after the initial row, column, and bank ad-
dresses have been latched. While the RASIinput is held
high by the processor, each high-to-low transition of CC
increments the column address for the next memory ac-

. Cess.

The burst access will continue until a programmed num-
ber of accesses (which is stored in the Burst Count Reg-
ister) has been completed or a page boundary is
reached. Both conditions are indicated to the processor
by the EBM output.

Nibble Mode

For Nibble mode accesses the Nibble Count bit
(NIBCNT) in the Configuration Register is set to “1".
This bit enables only the two least significant bits of the
Column Latch and Counter to be clocked, allowing the
Column Latch and Counter to perform a modulo four

count when making a nibble burst access (as inthe case
of the 68030 processor) using non-nibble DRAMSs.

When “nibble” DRAMS are used nibble accesses are ac-
complished by toggling CASI ( Reference Figure 25).

Cache Mode

This mode allows the efficient use of page mode and
tast page mode DRAMs by comparing back-to-back row
and bank addresses from the processor.

In the “cache” mode of access of the Am29C668 the
RAS. output is held active (LOW) and any location in
that row is accessed by only changing the column ad-
dress. This makes the entire row look like a cache, since
any access in that row can be made at high speed. To
select the cache access mode, the Cache Mode (CM)
bit in the Configuration Register is set to “1”. The row
and bank addresses of consecutive accesses are com-
pared by the Am29C668. If the row and bank addresses
of consecutive accesses match, CH goes active (LOW)
and signals the timing generator not to deactivate the
RASI input but only to toggle the CASI/CASIEN input. If
the row and bank addresses of consecutive accesses
do not match, the CH signat goes inactive (HIGH) and
informs the timing generator to deactivate the RASI in-
put and start a new RASI cycle after the current cycle
has gone through a RAS precharge cycle. When the
RASI input is activated, its HIGH-going edge loads the
row and bank registers with the contents of the row and
bank latches, respectively, saving the current values for
the next comparison.

Refresh Modes

Normal Refresh

Inthe normal refresh mode, the refresh address is gen-
erated by the Am29C668 refresh counter. The row re-
fresh counter is used to generate the row address. All
corresponding rows in all four banks are refreshed si-
multaneously by generating all four RAS. outputs in re-
sponse to the RASI input. Hence, the entire memory
may be refreshed by stepping through the row refresh
counter once. The row refresh counter is incremented to
the next refresh address by the inactive (LOW going)
edge of the RASI input.

Refresh With Scrubbing

When memory scrubbing is performed in systems em-
ploying error detection and correction (EDC), the row,
column, and bark refresh counters are used. in this
case, all four corresponding rows are refreshed and one
location of one row is “scrubbed”, ie...a read/modify/
write cycle is performed. An entire memory array canbe
scrubbed by stepping through the row, column, and
bank address counters once. The Am29C668 has four
independent CAS, outputs allowing a single bitto be ac-
cessed during refresh cycles.
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CAS Before RAS Refresh In this mode, RASI controls the CASn outputs and CASI
Thisis afeature of some dynamic RAMs. The DRAMon-  controls the RASa outputs. This allows a CAS betore
chip refresh counter is updated and a refresh cycle per- RAS refresh to be accomplished without altering the or-
formed by generating a CAS strobe before the derof the RASI and CAS! input strobes. When this mode
HAS strobe. This refresh support is selected by ena- is set, memory “scrubbing” (MCo,1 = 10} is prohibited.

bling (setting to “17) the CAS Before RAS bit in the
Configuration Register. Refresh with scrubbing (MC 0.1
= 10) is not allowed when the CBR bit is set (1).
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11068-042A

Figure 12. Device Decoupling — Vcc and Ground Pin Connections

Notes:

Due 1o the high switching speeds and high drive capability of the Am29C668, it is necessary to decouple the device for proper
operation. Multilayer ceramic capacitors are recommended. It is important to mount the capacitors as close as possible to the
power pins (Vcc, GND) to minimize lead inductance and noise. A ground plane is strongly recommended. A wire wrapped board
without power and ground planes is not recommended.

It is strongly recommended that this part be directly surface mounted whenever possible. Should a PLCC, or PGA socket be re-
quired, a one-time-insertion-only socket with minimal lead length is necessary for proper device function. The socket lead induc-
tance should be 8nH maximum per pin.

The socket may be obtained from Methode Electronics (Part #213-068-101) at (800) 323-6858 or AMP (Part #821574-1,
821574-3, 641749-2) at (800) 522-6752.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65 to +150°C
Ambient Operating Temperature -55to +125°C
Maximum Vcc -05t0+7.0V

DC Voltage Applied to Any Pin  -0.5to (Vcc +0.3) V

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause parmanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta) 0to +70°C

Supply Voltage (Vcc) +4.50t0 +5.50 V

Military (M)
Case Temperature (Tc) -55t0 +125°C
Supply Voltage {Vec) +451t0 +55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod-

ucts, Group A, Subgroups 1,2,3 are tested unless otherwise noted)

Parameter
Symbol Parameter Description Test Conditions (Note 1) Min. Max. Unit
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logica! LOW 08 \
Voitage for all Inputs (Note 2)
IH Input HIGH Current Vee = Max., VIN= Vce 5.0 pA
I Input LOW Current Vce = Max., Vin= GND -5.0 HA
VoH Output HIGH Voltage Vee = Min. lon=-10mA 2.7 \
VoL Qutput LOW Voitage Vce = Min., loL = 10 mA 05 \
Von Output Undershoot § CL=50pF -1.0 v
Voltage {Note 4)
Vor Output Overshoot § CL=50pF 0.8 v
Voltage (Note 4)
Vop Output Overshoot }' CL=50pF 0.8 Vv
Voltage (Note 4)
loz Ofi-State (High Impedence) | Vcc = Max. _ -10
Output Current; Vo= 0V WA
Q Qutputs Vo= Vec(Max) 10
Icca Quiescent Power Vce = Max.
Supply Current 43V<VIN VIng 02V 5.0 mA
(CMOS Inputs) for =0
lect Quiescent Input Vee = Max.
Power Supply ViN =24 25 mA
Current (@ TTL HIGH) for =0
leco Dynamic Vcc = Max. MIL 7
Power Supply 43V <ViN,VNg0.2V mA/
Current C._= 150pF \ MHz
{Note 5) OE=LOW comL 7
Vce = Max., for = 10 MHz
OE=LOW MIL 100
50% Duty cycle, CL = 150pF
lec Total Power 43V <ViN, VINng 0.2V COM'L 100
Supply Current mA
{Notes 3 and 5) Vce = Max., for = 10 MHz MIL 160
OE = LOW
50% Duty cycle, CL = 150pF ,
Vin=34, ViL=0.4V COML 100
Notes:

1. For conditions shown as Min. or Max., use appropriate value specified under Operating Range for the applicable device type.
2. Tested with limited test pattern.
3. Total Power Supply Current is the sum of the Quiescent Current and the dynamic current (at either CMOS or TTL input levels).

For all conditions, the Total Power Supply Current can be calculated by using the following equation:
icc = lcca + leeb (fop) (CMOS Inputs), lec = lecT + leep (fop) (TTL Inputs), fop = Operating Frequency in Megahertz

During device characterization, two addresses, one RASn and one CASn output were toggled at fop = 10 MHz during Icc

measurement

4. Von and Vor are not production tested but are guaranteed by characterization data for surface mounted devices with proper
capacitive decoupling. Limits specified are for all outputs switching simultaneously with minimum specified loading. As loading

increases, VoN and Vop will approach zero. Reference Switching Waveforms.
5. Not tested in production. Guaranteed by characterization data.

Am29C668
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Capacitive Loading = 350 pF for all Q», RAS,, and CASn; 150 pF for all other outputs (minimum tester
load). See Note 1.

Commercial Military
Parameter Test Am29C668 | Am29C668-1] Am29C668-1
No.| Symbol Parameter Description Conditions | Min. | Max. | Min. l Max. | Min. [ Max. | Unit
COMMON PARAMETERS
1 tro ACn/ARn to Qn (Note 4) ALE=1 2 34 3 29 0 35 ns
2 tro MCn to Qn (Note 4) 6 35 7 30 4 37 ns
3 teo ALE to Qn {Note 4) 4 34 5 29 3 37 ns
4 teo CSto On (Note 4) 6 36 7 32 6 | 39 | ns
5 ts ACn/ARn ta ALE¥ Set up time 4 4 3 ns
6 1 ACn/ARn to ALE L. Hold time 5 5 4 ns
7 ts SELn to ALEL Set up time 4 4 3 ns
8 1 SELn to ALE L Hold time 4 4 3 ns
9 ts MCn to RASI# Set up time 5 5 3 ns
10 t MCn to RASIE Hold time 5 5 3 ns
10A 1 MCn to RASIT Set up time MCn = 11 4 4 3 ns
11 ts CStio RASIF {Note 3) 4 4 3 ns
12 1w CSHtoRASI L (Note 3) 4 4 3 ns
13 ts SELn to RASI FSet up time ALE =1 4 4 3 ns
14 s SELn to RASIY Hold time ALE =1 4 4 3 ns
15 thwL RASI Pulse Width LOW 10 10 10 ns
16 tewn RASI Pulse Width HIGH 10 10 10 ns
EXTERNAL TIMING MODE ]
17 tro RAS| ¥ 10 RASh T {active edges) g | 30| 9] 2 | 8| 32| ns
(Note 4)
17A teo RASI§ 1o RASn f{(inactive edges) 4 23 4 21 3 23 ns
(Note 4)
18 teo CAS1¥ 10 TASn ¥ (active edges) 7 | 31 8 | 27| 913 | ns
(Note 4)
18A teo CASIg to CASh K (inactive edges) 4 23 5 21 4 23 ns
(Note 4)
19 teo MSEL to Qn 4 34 8 30 3 37 ns
AUTO TIMING MODE
20 tro RASIfto RASN (active edges) 9 30 9 26 8 32 ns
(Note 4)
20A o RASIT to RASn K(inactive edges) 4 23 4 20 3 23 ns
(Note 4)
21 tskew RASh to Qn {row address) (Note 4) MSELEN =1 ] 12 13 9 ns
21A teo RASI to Qn (column address) MSELEN =1 | 20 70 20 65 20 75 ns
22 tro Rasi Ko CASnL CASIEN = 1 98 88 102 ns
(Note 2)
23 tskew RASn¥ to CASnL CASIEN=1} 22 | 78 | 25 | 72 | 20 | 82 | ns
24 tskew Qn (column address) to CASn MSELEN=1]| 4 4 4 ns
CASIEN = 1
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SWITCHING CHARACTERISTICS (Continued)

Commercial Military
Parameter Test Am29C668 | Am29C668-1| Am29C668-1
No.| Symbol Parameter Description Conditions | Min. [ Max. | Min. ] Max. | Min. ] Max. { Unit
AUTO TIMING MODE
25 tro MSELEN to Qn {column address) 6 34 7 30 6 37 ns
{Note 4)
26 teo CASIENF to TASn L (active edges) 6 31 7 27 8 32 ns
{Note 4)
26A[  teo CASIENY, to CASn f (inactive edges) a 23| a|21]| 4] 23] ns
(Note 4)
SPECIALTY MODES
27| o CCto Qn (Note 4) 5 | 32 | 6 ] 29] 6 34 | ns
28 teo CCtto EBM 4 | 23| 5 |2 | 4] 25| ns
29 tow CC Pulse Width LOW or HIGH 10 10 12 ns
32 teo ARn to CH ALE=1 19 17 21 ns
33 teo ALE to EBML 4 | 20| 4 | 18] 42| ns
34 teo ALE to CH 17 15 18 ns
35 teo RASI¥ to TC 30 24 35 | ns
36 ts ACn to RL ¥ Set up time 3 2 0 ns
37 1 ACn to RL FHold time 12 11 12 ns
38 ts MCn, T5 to RL £ Set up time 7 6 7 ns
39 th MCn, CS to RL ¥ Hold time 7 6 7 ns
40 tow RL Pulse Width LOW or HIGH 10 10 10 ns
41 teo CASENn to CASn (Note 4) 2 27 3 23 3 30 ns
OUTPUT SKEWS (worst case for any given device)
42 tskew {tro(ACN/ARN to Qn)—teo(RAS! to RASN)} MCn = 01 20 18 21 ns
42A tskew {teo{ACN/ARR to Qn)—ten{CASI to CASn)} MCn = 01 18 16 18 ns
43 tskew {teo{MCn to Qn)-teo(RAS! to RASH)) MCn = 00, 01 22 19 23 ns
44 toxew {teo(MSEL to Qn)—teo(RASI to RASN)} MCn = 01 21 18 23 ns
45 tskew {tro(MSEL to Qn)-teo(CAS} to TASn)) MCn =01 19 17 20 ns
THREE-STATE OUTPUTS
46 terz Output Disable Time from LOW 24 24 25 ns
47 teuz Output Disable Time from HIGH 28 26 30 ns
48| ta | Output Enable Time from LOW Cu = 350 pF 18 16 18 | ns
49 tezn Output Enable Time trom HIGH . 18 16 18 ns
Notes:

1. To calculate propagation delays at loads other than those specified, see section labeled “TYPICAL Change in Propagation
Delay vs. Loading Capacitance” on the following page.

2. For deassertion, removal of RASI will deassert CASn with tPD indicated by external timing parameter 18A.

3. Notincluded in Group A testing. Not production tested. These parameters are included to ease system design—for reference
only.

4. Refer to Figure 13 for information an how the min. and max. parameters are specified.
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Input

Output  Current State New/Nenxt State

11068-066A

Figure 13. Minimum and Maximum Timings Specification

TYPICAL Change in Propagation Delay
vs Loading Capacitance

6
A nanoseconds of /
delay

0 25 50 75 100 125 150 175 200

A picofarads 11068-035A
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SWITCHING TEST CIRCUIT

From Output
Under Test

11068-036A

Notes:
1. Diagram shown for HIGH data only. Output transition may be opposite sense.
2. Cross-hatched area is don't care condidition.

SWITCHING TEST WAVEFORMS

: 3v
Data
Input 1.5V
oV
ls 1 h

3V
Timing 15V
Input oV
Notes: 11068-037A

1. Diagram shown for HIGH data only. Output transition may be opposite sense.
2. Cross-hatched area is don’t care condition.

Setup and Hold Times

Notes on Testing

Incoming test procedures on this device should be carefully planned, taking into account the complexity and power levels of the

part. The following notes may be usetul.

1. Ensure the part is adequately decoupled at the test head. Large changes in Vcc current as the device switches may cause
erroneous function failures due to Vce changes.

2. Do not leave inputs floating during any tests, as they may siart to oscillate at high frequency.

3. Do not attempt to perform threshold tests at high speed. Following an input transition, 3round current may change
bx as much as 400 mA in 5-8 ns. Inductance in the ground cable may allow the ground pin at the device to rise by hundreds
of millivolts momentarily.

4. Use extreme care in defining input levels for AC tests. Many inputs may be changed at once, so there will be significant noise at
the device pins and they may not actually reach ViLor ViH until the noise has settled. AMD recommends using
ViL< 0V and ViHz 3 V for AC tests.

5. To simplify failure analysis, programs should be designedto pertorm DC, Function, and AC tests asthree distinct groups of tests.

6. Proper device grounding is critical when device testing. Multi-layer performance boards with radial decouplin between power
and ground planes is recommended. Wiring unused interconnect pins to the ground plane is recommended. The round plane
must be sustained from the performance bozd to the device under test interface board. To minimize inductance, heavy-gauge
stranded wire with twisted pairs should be used for power wiring.

Am29C668 6-97



AMD a

SWITCHING WAVEFORMS

v

Same Phase
input Transition 1.5V
ov
tPLH Il tHL -
24V x Vo
Output — o8V
Vou
tHL tPLH ’
. 3v
Opposite Phase
Input Transition 15V
ov
11068-0388

Propagation Delay

LOW-HIGH;_OW 15V
ulse
tpwy
HIGH-LOW-HIGH
Pulse 15V

11068-039A

Input Pulse Width

Driven Input

e

[

Equivalent input Circuit
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Driving Output

Dk
N—

8Q
nominal

N

11068-044A

Equivalent Output Circuit
(Qn Outputs)

Driving Output

Vee

—DO—{ E 20K nominal

:X¢]
nominal

>

L

11068-045A

Equivalent Output Circuit
(RASh, CASh Outputs)

Am29C668
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Driving Output
Vce

e

N

11068-046A

Equivalent Output Circuit
(All outputs except Qn, RASn, CASh)

KIOAY
Input 15V 15V
oV
tou /_\_L\_/E’ PonL
Output 2 4V/ V4 * Vor Vap
08Y
| St
)
11068-041B

Output Drivers Level
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SWITCHING WAVEFORMS

MC g 4 MC 0,1 = 10 (INITIALIZE)
9 |ua— —Jio
/ \ ? \ i
RASI K
16—
MSEL / \ \__/_—_\
N
lt— 35 —> - 35—
cAS / L / \
—{ 172
RASn / \ /
-
\
an ) ROW 1 XCOLUMN 1 X ROW 2 ) XCOLUMN NX ROV XCOLUMN NX
TC /
11068C-047A
Figure 13. EDC Initialization with External Timing
MC .1 MC 0,1 = 10 (INITIALIZE) ) 4
t— —p»{ 10 fal—
<
RASI 4 Y / - Yy
[——— 16—
1
MSELEN
ltt— 35 —»] jell— 35 —Pp~t
CASIEN -— 22—
20— 4 20Ajat—
RASh 1‘ \ / \ /
i P YN |<—
ARG X ¥ \ ___/

Qn

TC

[ |2 ]

Row 1 X Jolumn 1 X Row 2 XCqumn1 x Row 3 x Column N X Row] N

X Calumn N X

—] 24 jtll—

Figure 14. EDC Initialization with Auto-Timing

11068C-048A
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SWITCHING WAVEFORMS

i ) o) G §:+)
ACo.10 Oy
ARg.10 X OontCare
SEL o,
ALE,
s \ 7
MCp 4 MCp (= 11(Reset) MCo,1 711 NC 01 = 11 {Conguration)
- 10 [ ’i e 30—~
y \ —\__
< 10A--] - 16 l<- py— !__m_]
SR g S W 0 W
- 15
[ Roset & Wake-Up I I Rogister Load I
11068C-049A
Figure 15. Reset, Wake Up, and Register Load Operation
Burst
AC o10 e i (_ Reg oms )
AR g.10 x Dot Care
SEL 0,1
ALE
w
& \
MCy 4 | Mcoi=n [ mco1 =11 _ MCo,1 =11 (Configuration) )} {
36 37
<> }— 30—
RL \ ‘i y L 7! \
[l 10A —Pp1-109] atlf-38 ] [~ 40 —P{l— 40
RASI / !(
Reset Register Load
11068C-050A

Figure 15a. Reset and Register Load Operation
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SWITCHING WAVEFORMS
AC 0-10
AR 0-10 Don't Care
SEL g4 X X
MCo_1 X MC g1 =00 X
cs
RL
[~ 9 —— 10—}
RASI ;l X
CAS!
et B 17A
CASq.3
-»l 18 - 187
RASg.3
11068C-051A
Figure 15b. CAS Before RAS Refresh with External Timing
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SWITCHING WAVEFORMS

A‘:(1-10

AR 0-10 X Don' Care X

SEL 0,1

MCq 1 ' )L MC o4 =00 )

g

- 9~

CASI

] 200 |

9

(7,
@
o
T

23

11068C-052A

Figure 15¢c. CAS Before RAS Refresh with Auto Timing
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SWITCHING WAVEFORMS

[ B ——_

AC o-10
ARp-10 X Address )
SELD,1 57 6,8
| Dttt B
ALE_J‘ ! V"V'VV'VVYV'VYV""VV"VV.V’VV'V.V‘V'V'V'VV.V
| t— 11—
s c )
-t 3 ] -2
MCg,1 ) MC 0.1 = 01 (ReadWrite) X MC 0,1= 00 (Refresh) )
4
Q10 X Fow_Y___coum | XXXXXXXXXXXXXXKHN Fow Retresh Adress X
e 2 15 e - |10
RASI v X  d | S
| 9 19 l— =!G [ B - ——
MSEL
|l 13—t
CASI 'Jt !t
-417->i -— 15——»¢17A>|
FAGn \ b i 000/
8 T8A
- .
TR {
11068C-053A
Figure 16. Standard Read/Write, Refresh Accesses with External Timing
AC0-10 - ! >
ARg.10 ) Address )
SELO.1 [l 13— -] — 14
ALE
| t—— 11 —
cs 3
) 12
MCgq MC ¢,1= 01 (Read/Write) X MC ¢ 1 = 00 (Refresh) )
4
Qp_10 ) Row X Column OO Row Refresh Address (
h—— 2 15— | 1 |10
RASI +£ Y 4 p
«— 5 — —| 19— —] 19—  ——— (g——]
MSEL —
| 13—
CASI A X
17 e (5 — |- 17A->L
[ : 3 ~__ _  /
|-’
CASn

Figure 17. Standard Read/Write, Refresh Accesses with ALE =1

11068C-054A
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SWITCHING WAVEFORMS

f——— | ——

AC 0-10
ARp-10 Address
SELg 4 N
ALE —of 0707070707070 7070707076070 7076 70007070 0 0100767070670707070707007070 700 4
| 11 =]
(33
i} 3 E
MCo1 MC0.1= 01 (Read/Wrile)
4
Q.10 X__FRow Colupn CE—
[ — 2 10
o p
RASI
— o — 19— 119l ——— 16—
MSEL
[ 1 3 ———p-{
CASI 1 3
y [
CASEN[3:0) k
— 17-1 Q17A->L_
RASh \ /
pest]-
_ < eje e
CASn
)1- 419 et 41—
11068C-D55A
Figure 18. Standard Read/Write, Byte Access; Refresh (External Timing)
AC 010 [ | ]
AR .10 X Address
SEL 57 ) 68
o -<>|<>
nEe _f | S /XOOCOB0ORNOOOCGOGOOCOANOOONK
|1 1t
[ ) P
g > ——p > j- 2
MC g 1 MC g1 = 01 (Read/Write) MC 0,1 = 00 (Refresh) kK
4
Q40 ) Row 4 Column Row Refresh Address
— 3 o |- 10
RASI  d k L
1| e et 1 A l———— 15— | ———
;
MSELEN
il 13—
CASIEN | -
jall— Ot 20—t — 23— —{ 20A lll—
RASn Y Y \ T
j——— 22— —| 20A |-—
CASn b s

Figure 19. Standard Read/Write, Refresh Accesses with Auto-Timing

11068C-056A
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SWITCHING WAVEFORMS

AC0-10 - 1| ——
AR0-10 Address ¥
SEL, 57| 68
01 Lt |t
ALE_J : 'VY"V'V"V"'VVV‘.V"V.VV‘...VVVV'VVV'VV‘V.'
L g 11—
cs -3
T E— - - 12
MCo,1 MC 0,1 = 01 (Head/rite] MC .1 = OD (Relresh] X
4
Q.10 ) Row X Cotumn Row Refresh Address
-t 3 | |-10
3 Y¥—— )
RASI 25 K S
1 ] - B | e | ——
MSELEN +
et 13—
CASIEN
|t g ——l e~ DOt — 23— ] - 20A -
RASn 3 - \ /
-p——— oo | 20A -~
CAGn )
11068C-057A
Figure 20. Read/Write, with Auto-Timing with External Override on MSELEN
AC g-10
ARo-10 [ Address ) 7
oy T
ALE K -
L—— L
cS b
- 7
MC g 4 ) MC 0.1 = 01 (Read/Write) a
»> 2 |- .
Q.10 ) Row 3 Y Column X Column +1_X_Column + 2 X ':_ Column N-1_)X Column N
g 1] |27l
ce = 4:_/_"’\_F k_/
= Lt 210 | |10
RASI A j (—
1 |2 {t—— 214 —} N
MSELEN o | ”
CASIEN /T »T_f:"\._/ __/
g 160~ 15 » 28
EBM a
. | 20 |- ] |24 »{ 20A] -
RAS ) o —
-t 22— - 20A |-
CASn y / \ /1L /\ /\ 7\ ' 2
et 23— | |26

11068C-058A

Figure 21. Burst Mode Access Ended by the Am29C668 (Auto-Timing with External Override on CASIEN)

Am29C668
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SWITCHING WAVEFORMS

ACg.1p ~
ARo-10 [ Address 7
oy |Gl
ALE b .
b3 = 77
cs . B
[l 4 ] ~
MCy 4 ) MC 0.1= 01 (ReadiWrite) -
| 2 - -
Q How Column__ X Column + 1X Column + 2 . X Column N-1X Column
0-10 :
[ { 1] >|274
ce 11 ./ \_1! _/
[ > 21D -2 » | |10
RASI 7 > §
\ ] K 21A —tim "
MSELEN > g |
CASIEN 7
EBM P
1 20 - - .24 = ool
RASnh ~ I
S 22— | 207
TABn \ ~ . 3
(CS of DRAM) ft—— 23|
11068C-05%A

Figure 22. Burst Mode Access with Static Column DRAMs Ended by the Microprocessor (Auto-Timing)

ACo-10 >~
ARy-10 X__Address X .
SELg,1 < les "
ALE { -~
— 53—
& >~
el 4 D] .
MCy ) MC 0,1 = 01 (Read/Write) :, (
gt | 1
Q.10 Row X X__Coumn X Column+1 X Column+2 . Column N-1_X Column N
] 2 | fai -] e
cc \ /
9 |- 20 = [l-10
RAS! ( L 4 L
} - 13 | —— 21A —P>] .
MSELEN T -
CASIEN ¥ \_Jt ’T__ﬁ_'\_f \__/
168 15
EBM 7~
- 20 |- il - 20A |-
—_— 1 . =
= 22— —>\l<—2s | 20a [
Cash b / /\ M /T \ r
el 23 ]
11068C-060A

Figure 23. Burst Mode Access Ended by the Microprocessor (Auto-Timing with External Override)
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SWITCHING WAVEFORMS

ACo.10

ARQ-10 X Address ":
SEL 57 | 638 -+
o1 g -1t ]
i S -
— 3—]
cs ”
il .
MCy 4 ) MC 0 1= 01 (Read/Write) -
1 2 - .
Qg1 __Row ) Column X _Column +1 X_ Column +2 X e A Column N-1 X Column NX
?" 1= | 271
cc l‘ 1 2t _/ \_f ’T_/_‘\_/ -/
' [P 2 | a0
RASI F t k
} fel- [t 31l 21A —— »
MSELEN P R
1 e
CASIEN
- ZB;F____
EBM »
- 20 |- N ] 20A ﬁ
A% Y s y
ot 22 - =] 20A
CAS ) - v
(CS of DRAM) —— 23—
11068C-061A
Figure 24. Burst Mode Access with Static Column DRAMs Ended by the Am29C668 (Auto-Timing)
AC0-10
ARg.19 _Address )
SELQ,1 57 | 68
0. |t o]
ALE ;t
— 33—
cs
|l 400
MCqg ) MC 01 =01 (Read/Wrile)
2
o
Qq.19 X  Row ) Column )
19
cc 11 21
. - | {10
RASI 2 X
- [13 -t —— 21A ——p]
1
MSELEN
> 9 |-
CASIEN \ / \ /.
15 |
PFRLTW
EBM
o
- 20 [ —| 24 |as —=| 20A ﬁ_
RASh ) A
- 22 et - op| - — —1 20A |-
CASn / \ / \ ,!
—— 23—
11068G-062A

Figure 25. Burst Mode Access with Nibble Mode DRAMS (Auto-Timing with External Override)

Am29C668
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SWITCHING WAVEFORMS

ACo.10
ARp.10
SEL g,y

ALE

TS

MC o1

Q.40

cc

RASI

MSELEN

CASIEN

EBM

RASn

J Address )
X 8
‘su‘s’
1L
- 4]
3 MC o ; =01 (ReadMirite)
etop]
) Row 0 ‘( Column 0 Column 1 X Column 2 X Column 3 x (
] -] -] 27 [—
- / \ /
2 K
F-n» - 21 e 25 ->l1oh—
_7 ~
ot 11 3—i-1t 21A
- o |
_/ __f _/
U
-1 20 | 24  |g—- —t 20A |-t—
Y
22 > /—:T— —] 208 |a—
) / \ y / \ ¥
ja——— 23 —————
11068C-063A

Figure 26. Nibble Mode Access with Page Mode DRAMSs (Auto-Timing with External Override on CASIEN)

AC0-10
AR .10
SELg

ALE

cs

MCO‘1

Qo-10

RAS!

MSEL

Address Y ddress X — Y Advress X s X B O
577 48
{' F\ M M ™\ /-
—]
<l #
MC g 1 = 01 (Rejd/Write) +
>
Row 0f Cobamn Y(Row 1)Column 0)(_XColumn 1{_XColumn 2ﬂ@olurmN Y Rowz X Column o X XcoumniX
u‘l‘-‘- > | g k7
& F F
'.
el —1 1P ¢
[t 16——d1t R
15 F L4 \ f
ot 19
taln

17A->F\

Y

[ BT

/S

11068C-064A

Figure 27. “Cache” Mode Access with Page Mode DRAMs (External Timing)
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SWITCHING WAVEFORMS

prion Radress T perey ) G
SELg 4 i
AL _1:—4 F\ M m I\ s
—3—]
& +
[ .
MCo 1 MC 0.1 = 01 (Head/Write! :.
g2
(| N Cotom Yot X eom X)X row? XComn Y fomm_
"l - >3
- F —
RASI e 2 + \ /
|-—13—t—— 16—P1m "
MSEL 24 M
; [t 22

CASIEN / \_j __
21 el
20 - 20A -1 F tg

15 16 ; /—\
»i2slantlw2ca 260 |-
Y\ /S

11068C-065A

7

;
i

Figure 28. "Cache” Mode Access with Page Mode DRAMSs (Auto-Timing with External Override)
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