
































































































































































































































































































































































































































































































































































































































































































































































































































KS82C289

Figure 10. Serial Priority Bus Behavior

BUS ARBITER

T\, T

£ %

- x ,__qD [P SR, . 3
PR -5

_<

— )

BREQ

Note: Events A through F described above.

Rotating Priority Technique

The rotating priority technique requires external circuitry,
similar to the parallel priority technique. The rotating
technique assigns and re-assigns priority to the arbiters
dynamically.

The priority encoder used in the rotating technique is a
more complex circuit than the one used in the parallei
technique. The circuit rotates priority between requesting
arbiters. This provides each arbiter with an equal chance
to use the multi-master system bus over a specified
amount of time.

Choosing a Priority Technique

Each priority technique, parailel, serial, and rotating
provides a trade-off between using complex external
circuitry and allowing equal access to the system bus by
each bus master.

The parallel priority technique does not require extensive
external logic circuits, does allow for re-assignment of
priority status for each bus master, and can accommodate
a relatively large number of bus masters.

The serial priority technique does not require any
external logic circuits but has fixed priority settings
assigned to each bus master and can accommodate a
limited number of bus masters.

The rotating priority technique does requires more
complicated external logic circuits but does provide
equal access between each of the bus masters and the
system bus.

£ G
by

|\ — 4

THE LOCAL THE LOCAL
80288 REQUESTS 80286 NO LONGER
THE MULTIBUS NEEDS THE MULTIBUS

Releasing the MULTIBUS

The bus arbiter can either release or retain control of the
system bus after the completion of a data transfer cycle
on the MULTIBUS. Whether the bus arbiter releases
control of the system bus depends upon the release
mode selected and the priority settings in effect for the
release mode selected.

There are three release modes. Table 3 describes the
release modes and the mode settings which enable
release of the system bus.

Table 3. Release Modes

Release Acceptable Release
Mode Conditions
Mode 1 The bus arbiter always releases the bus
at the end of the transfer cycle.
Mode 2 The bus arbiter retains the system bus
until:
o ahigher-priority bus master requests
the system bus. This drives the BPRN
(high)
e a lower priority bus master requests
the system by puliing CBRQ (low)
Mode 3 The bus arbiter retains the system bus

until:

e a higher priority bus master requests
the system bus. This drives the BPRN
(high)

e CBRQ (low) is ignored

Note: If the cycles are LOCKed, the bus arbiter
does not release the system bus, even if
the mode release conditions are met.
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BUS ARBITER

The arbiter will surrender the MULTIBUS after each
complete transfer cycle if the “Always Release” mode 1 is
programmed.

If the “Always Release” mode 1 is not programmed, the
arbiter will not surrender the MULTIBUS until one of the
following occur:

e the processor enters a halt state

e the arbiter is forced off because the BPRN becomes
(high) and mode 2 or mode 3 is programmed into the
arbiter

¢ the arbiter is forced off because a common bus
request CBRQ input is enabled and mode 2 is
programmed into the arbiter

CBRQ reduces bus exchanges. The present bus master
retains the sytem bus as long as CBRQ is (high). CBRQ
remains (high) until another master requests the system
bus. :

BPRN indicates if a bus master of higher priority is
requesting the system bus. It does not indicate if a bus
master of lower priority is requesting the system bus.

In order to allow lower priority bus masters access to the
system bus, bus masters must release the system bus at
the end of each transfer cycleand re-establish priority to
access the system bus again and wait for a current
transfer cycle opening. This release, re-establishing
priority and re-accessing can take approximately two
BCLK periods.

CBRQ eliminates unnecessary releasing of a bus master
from the system bus. When a bus master requires the

Figure 11. Effects of Bus Release Mode on Bus Efficiency

system bus it must assert CBRQ (low). If CBRQ remains
(high), the current bus master does not have to release
the system bus at the end of each transfer cycle.

LOCK overrides any of the release mode options. As
long as LOCK is asserted, the arbiter will not release
control of the MULTIBUS to any other requesting bus
master.

INIT or RESET signals cause the arbiter to surrender the
MULTIBUS. The release mode and arbiter input status
are ignored.

The three bus release modes operate the same irregard-
less of the type of microprocessor used.

Choosing a Release Mode

The release mode affects subsystem bus utilization and
the system as a whole. The acquire and release times
specified for each of the release modes impacts the
system bus efficiency. Figure 11 illustrates the differences
caused the release and acquisition times for each
release mode.

Mode 1 requires a request and release phase for every
transfer cycle. This allows lower priority bus masters to
access the system bus, but it reduces the overall bus
efficiency.

Modes 2 and 3 let the bus master retain the system bus
for multiple transfer cycles. A bus master releases the
system bus when it is forced off by another bus master’s
request.

Each release mode allows the designer to optimize the
system use of the MULTIBUS.

ACQUIRE \/ TRANSFER \/RELEASE
MODE 1 :>< TIME >< CYCLE X TIME ><:

MODE 2 xACOUI;EXTRANSFER RELEASEXACQUIRE x TRANSFER X RELEASE X ACQUIR%TRANSFERXRELEASEXACQU:EX:

MODE 3 %QUI;EXTRANSFER XTRANSFER X TRANSFERX TRANSFER X X K
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Configuring Release

The bus arbiter does not require any additional hardware
to configure inany of the three release modes. In addition,
the processor can be configured to switch between
mode 2 and mode 3 by software control. This requires

Figure 12. 82289 Release Mode Configurations

82289

RESET ————{ RESET

r ALWAYS/CBQLCK

MODE 1

82289

RESET t RESET
ALWAYS/CBQLCK

that a parallel port or addressable latch is used to drive
the ALWAYS/CBQLCK input pin of the processor. Figure
12 illustrates the three release mode configurations.

82289

RESET ————{ RESET

Vee——»- ALWAYS/CBQLCK

MODE 2

82289

RESET RESET

ALWAYS/CBQLCK

MODE 3

ENABLE —|

PARALLEL

ADDRESSABLE
LATCH

2]

c
A

L_'——°< |_ MULTIBUS BCLK

SELECTABLE BETWEEN MODES 2 AND 3

LOCK and LLOCK

The three modes of releasing the multi-master system
bus can be nulled by the LOCK input. But, LOCK will not
surrender control of the muiti-master system bus to any
other Arbiter. The Bus Arbiter will surrender the multi-
master system bus if RESET or INIT becomes active.
RESET and INIT are independent of the states of the
Arbiter inputs or the current release mode.

The LOCK signal can be asserted to the bus arbiter
synchronous with the CLK and independent of the three
release modes to prevent the release of the multi-master
system bus to other bus masters regardless of their order
of priority.

The LLOCK output signal can be asserted at all the bus
cyclesthatare LOCKed. LLOCK s 1if LOCKis 1,and 0 if
LOCK is 0. Once LLOCK is active, it will wait until the end
of the current transfer cycle before becoming inactive.

* WHEN HIGH THE 82289 IS IN MODE 2;
WHEN LOW THE 82289 IS IN MODE 3.

RESET and Initialization (INIT)

INIT (active low) is an asynchronous signal from the
multi-master system bus. BREQ, BUSY, and AEN are
cleared and become inactive when INIT is active (low).
The Bus Arbiter will not clear any pending bus request
from other bus masters while INIT is active. INIT can
interrupt an active bus cycle, but, it will not prevent the
Arbiter from requesting the multi-master system bus
when it becomes inactive and completing the bus cycle.

RESET (active high) is synchronous to the CLK and can
be synchronous to the processor. BREQ, BUSY, and
AEN are cleared and become inactive when RESET is
asserted. Also, RESET will clear the LLOCK signal and
clear any pending bus request, unlike the INIT signal.
RESET will stop any current bus cycle without waiting
for the cycle to end. And, the bus cycle terminated by
RESET will not be completed after the RESET becomes
inactive.
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DC ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Storage Temperature ............... -65°C to +150°C
Ambient Temperature Under Bias ...... 0°C to 70°C
Case Temperature ........................ 0°C to 85°C

Table 4. DC Electrical Characteristics

Note: Operation atabsolute maximum ratings may cause permanent

damage to the device.

Symbol Parameter Condition Min Max | Units

ViL Input Low Voltage 0.8 \

Vi Input High Voltage 20 '

ViLe CLK Input Low Voltage 06 \

ViHe CLK Input High Voltage 3.0 Vee "

VoL Output Low Voltage:

BUSY, CBRQ, BPRO loL = 32 mA 0.45 \

BPRO, BREQ, AEN loL = 16 mA 0.45 v

LLOCK loL =5 mA 0.45 Vv

Vou Output High Voltage loH = 400 pA 24 v

L Input Leakage Current Vss < Vin < Vee +1 HA

lo Output Leakage Current Vour = Vss or Vee +10 LA

lcc Quiescent Current CLK, V|y - Vg or Vss +10 | MA
lcce Supply Current +80 mA

Ceik CLK, BCLK Input Capacitance FC =1 MHz 12 pF

Cin Input Capacitance FC =1 MHz 10 pF

Co Input/Output Capacitance FC =1 MHz 20 pF

AC SWITCHING CHARACTERISTICS
Table 5. KS82C289 AC Switching Characteristics
8.0 MHz 10.0 MHz 12.5 MHz 16.0 MHz
Test (Preliminary)

No. Parameter Conditions Min Max Min Max Min Max Min Max | Units
01 |CLK Cycle Period 60 BCLK+50 50 BCLK+50 40 BCLK+50 31 BCLK+50 | ns
02 |CLK Low Time at 1.0v 15 230 15 230 10 8 ns
03 |CLK High Time at 36V ’ 20 235 15 230 12 9 ns
04 | CLK Rise/Fall Time 1t0 36V 10 ) 10 9 7 ns
05 |BCLK Cycle Time 100 10 W | e 100 w | ons
06 |BCLK High/Low Time 30 % 2 16 ns

& SAMSUNG IR
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Table 5. KS82C289 AC Switching Characteristics (Continued)

8.0 MHz 10.0 MHz 12.5 MHz 16.0 MHz
Test (Preliminary)

No. Parameter Conditions Min Max Min Max Min Max Min Max | Units
07 |SO/HOLD, S1, M/IO Setup Time ‘ 2 15 13 10 ns
08 [SO/HOLD, S1, /IO Hold Time 1 1 1 1 ns
09 |READY Setup Time 38 30 2% 9 ns
10 |READY Hold Time 2 20 16 13 ns
11 {LOCK, SYSB/RESB Setup Time 20 15 12 10 ns
12 | LOCK, SYSB/RESB Hold Time 1 1 1 1 ns
13 |RESET Setup Time 20 15 12 10 ns
14 |RESET Hold Time 1 1 1 1 ns
15 |RESET Active Pulse Width 16 1 1 16 CLKs
16 |INIT Setup Time Note 2 45 45 45 45 ns
17 [INIT Hold Time Note 2 1 1 1 1 ns
18 | INIT Active Pulse Width 3(ty)*(tsa) 3(t)*+(tra) 3(t4)*{tq) 3(t))*+{t1s) ns
19 |BUSY, BPRN, CBRQ, 20 18 15 12 ns

(CBQCLK/ALWAYS Hold Time to

BCLK or (RESET)
20 |BUSY, BPRN, CBRQ, 1 1 1 1 ns

(CBQCLK/ALWAYS Hold Time to

BCLK or (RESET)
21 | BCLK to BREQ Delay C =60 pF 30 30 25 20 ns
22 | BCLK to BPRO Delay C =60 pF 35 35 28 2 ns
23 | BPRN to BPRO Delay C =60 pF 25 25 2 16 ns
24 |BCLK to BUSY Active Delay C =300 pF 1 60 1 60 1 50 1 38 ns
25 | BCLK to BUSY Float Delay Note 1 35 35 28 2 ns
26 |BCLK to CBRQ Active Delay C =300 pF 55 55 45 35 ns
27 | BCLK to CBRQ Float Delay Note 1 35 35 28 2 ns
28 | BCLK to AEN Active Delay C = 150 pF 1 2% % 1 20 16 ns
29 |CLK to AEN Inactive Delay C =150 pF 3 25 25 3 2 16 ns
30 |CLK to LLOCK Delay G = 50pF 20 20 1 13 ns
31 |RESET to LLOCK Delay Note 2 35 3 28 22 ns
32 | CLK to BCLK Setup Time Note 3 38 38 3% 2 ns

Ta = 0°C to 70°C
Tease = 0°C to 85°C
Vee = 5V + 5%

Notes: AC timing is referenced to 0.8V and 2.0V points.

1. When Ig < I o, float condition occurs.

2. CLK and BCLK are asynchronous to each other in actual use. But, this specification is required for component testing.
3. INIT is asynchronous to CLK and to BCLK during actual use. But, this specification is required for component testing.
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Figure 13. AC Drive and Measurement Points CLK Input (BCLK Input)

4.0V
(2.4v) 36V

3.6V
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@R meUn o e
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Figure 14. AC Setup, Hold and Delay Time Measurement
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Figure 15. AC Test Loading on Outputs
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WAVEFORMS

The following waveforms, Figures 16 through 24, contain
examples of general cases of the timing relationships of
the inputs and the outputs. These figures do not
represent all the possible input and output transitions of
all signals in all modes.

Refer to the identified special cases or a timing specifi-
cation for the same or related function in another mode
for examples of specific transitions.

The bus arbiter serves as an interface between the iAPX
subsystem and MULTIBUS. The iAPX 286 subsystem
operates synchronously to the CLK signal. The
MULTIBUS operates synchronous to the BCLK signal.

CLK and BCLK operate asynchronously to each other
and at different frequencies. The relative phase and
frequency of CLK and BCLK at the time the input is
sensed effects the exact clock period where a synchro-

nous input to one clock will cause a synchronous
response in the other clock.

The CLK period cannot be too long, relative to the BCLK
period, ty greater than ts + 50ns, in order to maintain
proper MULTIBUS arbitration. If the CLK period is too
long relative to the BCLK period, another arbiter could
gain control of the system bus before the current arbiter
releases AEN synchronous to its CLK.

The AEN release is synchronous to the fall of the CLK
edge after the processor cycle ends. The BREQ and
BUSY releases are synchronous to the fall of the BCLK
after the processor cycle ends.

However, all 286 speed selections are MULTIBUS com-

" patible because any CLK f{requency greater than
6.66 MHz, processor speeds greater than 3.33 MHz,
avoids conflict with 10 MHz BCLKSs.
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Figure 16. MULTIBUS® Acquisition and Always-Release Operation
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Figure 18. MULTIBUS® Release due to CBRQ Active
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Figure 20. BPRN to BPRO Timing Relationship
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Figure 21. 80286 LOCK and 82289 LLOCK Relationship
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Figure 23. INIT Active Pulse
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PACKAGE DIMENSIONS
20-pin DIP 20-pin PLCC
042 | :385
Q%i'g' | 1.038 | o

— | A
== ]
- LEJ
| Tt 18
o= | |<0s0 =
Lw_.] ) b m[%ﬁ\%oo

280 0097
008 290 . L o103 170
—_— == |- J00 Ll 4
12 ‘h/,\ 3o > 0 180

c

~
ALL DIMENSIONS IN INCHES

ORDERING INFORMATION AND PRODUCT CODE

KS  82c289 X X X

SAMSUNG Packaging
SEMICONDUCTOR : P — Plastic DIP

L — Plastic Leaded Chip Carrier

(PLCC)

Part Number }——-——

Speed Temperature

-8.0 8.0MHz C — Commercial (0°C to +70°C)
| — Industrial (-40°C to +85°C)

-10.0 10.0MHz
-12.5 12.5MHz
-16.0 16.0MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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DYNAMIC RAM CONTROLLERS

FEATURES

e Direct drive for 256K, 1Mbit and 4Mbit DRAMs
o Page, nibble and static column accesses

o Interleaved or non-interleaved accesses to
maximize system performance

e Programmable or mask-programmed versions

o Programmable refresh operations

o Staggered and burst refresh

o Refresh operations virtually transparent to the CPU
e Programmable wait states

o Byte operation with four independent CAS outputs
o Easy interface to all major microprocessors

o Built in delay line

o Synchronous and asynchronous operation ’

e On-chip capacitive load drivers

e Can be used with 25MHz clock

e CMOS technology for low power consumption

e TTL-compatible inputs

e 68-pin PLCC package (KS84C21)

e 84-pin PLCC package (KS84C22)

Figure 1. KS84C21/C22 Block Diagram

PRODUCT OVERVIEW

The Samsung KS84C21 and KS84C22 are high perform-
ance dynamic RAM (DRAM) controllers. They simplify
the interface between the microprocessor and the DRAM
array, while also significantly reducing the required
design time. The KS84C21 supports the 256K DRAM
and the 1MBit DRAM, while the KS84C22 supports the
256K DRAM, tMBit DRAM and 4MBit DRAM.

Both devices are available in either externally program-
mable or masked programmable versions. The externally
programmable version is an economic and flexible
design solution for small-scale applications and proto-
typing. A 23-bit programmable Mode Register allows the
selection of various options and features, including
synchronous or asynchronous operation; interleaved or
non-interleaved operation; burst or non-burst access;
insertion of Wait States into the CPU cycle; a variety of
refresh options; as well as the ability to fine tune the
control signals.

A mask-programmed version of the chip offers the same
Mode Register options. However, the chip is programmed
at the factory to customer specifications. This version
offers maximum system reliability and eliminates the
need for external logic.

Both chips have a drive capability of 500pF, sufficient to
drive memory arrays of up to 88 DRAMs under worst
case conditions. Figure 1 shows a block diagram of the
chips.
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INTERFACE SPECIFICATIONS

DYNAMIC RAM CONTROLLERS

KS884C22, shown in Figure 3 is an 84-pin device
designed for use with the 256K DRAM 1 and 4Mbit
DRAM.

The Dynamic Ram Controller is available in two pack-
ages. The KS84C21, shown in Figure 2 is a 68-pin device
and supports the 256K DRAM and 1Mbit DRAM. The

Figure 2, Pin Configuration of the K$84C21 DRAM Controller
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DYNAMIC RAM CONTROLLERS

Table 1 shows detailed pin allocations for the KS84C21, while Table 2 shows the KS84C22. Table 3 provides the
input/output signal definitions.

Note on Conventlons:
A bar over the signal name is used to denote an active low signal (ADS). Active high signals are shown with no bar (ALE).

Table 1. KS84C21 Pin Allocations

Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name

1 [Vee Vee 35 |Veo Vee

2 Q5 Multiplexed Address 5 36 |RFRQ/WE Refresh Request/Write Enable
3 |Vss Vss 37 |Vss Vss

4 Q6 Multiplexed Address 6 38 |RASO Row Address Strobe 0

5 Q7 Multiplexed Address 7 39 |RAS1 Row Address Strobe 1

6 |a8 Multiplexed Address 8 40 |RAS2 Row Address Strobe 2

7 |Q9 Multiplexed Address 9 41 |RAS3 Row Address Strobe 3

8 RO Row Address 0 42 |CASO Column Address Strobe 0
9 C0 Column Address 0 43 |CAS1 Column Address Strobe 1
10 |R1 Row Address 1 44 |CAS2 Column Address Strobe 2
11 C1 Column Address 1 45 |CAS3 Column Address Strobe 3
12 |R2 Row Address 2 46 [WIN Write Enable Input

13 |[C2 Column Address 2 47 |AREQ Access Request

14 |R3 Row Address 3 48 |[CS Chip Select

15 |C3 Column Address 3 49 (Voo Vee

16 R4 Row Address 4 50 Vss Vss

17 |C4 Column Address 4 51 |Vss Vss

18 |R5 Row Address 5 52 |ML Mode Load

19 (C5 Column Address 5 53 |Vss Vss

20 |R6 Row Address 6 54 |COLINC Column Increment

21 C6 Column Address 6 55 |[Vee Vee

22 |R7 Row Address 7 56 |CLK Clock

23 |C7 Column Address 7 57 |RFCLK Refresh Clock

24 |R8 Row Address 8 58 [DISRFSH Disable Internal Refresh
25 |C8 Column Address 8 59 |RFSH External Refresh Request
26 |[R9 Row Address 9 60 |WAITIN Add Wait State

27 iC8 Column Address 9 61 |RFIP Refresh in Progress

28 |ECASO Enable CASO 62 |WAIT/DTACK |Wait/Data Transfer

29 |ECAST Enable CAST Acknowledge

30 |ECAS? Enable CAS2 63 |Q0 Multiplexed Address 0

31 ECAS3 Enable CAS3 64 |Q1 Multiplexed Address 1

32 |BO Bank Select 0 65 |Q2 Multiplexed Address 2

33 |B1 Bank Select 1 66 Q3 Multiplexed Address 3

34 |ALE/ADS Address Latch Enable/ 67 |Vss Vss

Address Strobe 68 Q4 Multiplexed Address 4
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Table 2. KS84C22 Pin Allocations

Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vee Vee 43 |RFRQ/WE Refresh Request/Write Enable
2 (Q5 Multiplexed Address 5 44  |Vgs Vss
3 |Ves Ves ' 45 |RASO Row Address Strobe 0
4 |Q6 Multiplexed Address 6 46 |RAST Row Address Strobe 1
5 |Q7 Multiplexed Address 7 47 |RAS2 Row Address Strobe 2
6 Q8 Multiplexed Address 8 48 |RAS3 Row Address Strobe 3
7 |Q9 Multiplexed Address 9 49 |CASO Column Address Strobe 0
8 |Q10 Multiplexed Address 10 50 |CAST Column Address Strobe 1
9 |Ro Row Address 0 51 |CAS2 Column Address Strobe 2
10 - |— N.C. 52 |CAS3 Column Address Strobe 3
1" - N.C. 53 — N.C.
12 |— N.C. 54 |WIN Write Enable Input
13 |Co Column Address 0 55 |AREQ Access Request
14 (R1 Row Address 1 56 |— 'N.C.
15 |(C1 Column Address 1 57 |— N.C.
16 |R2 Row Address 2 58 |CS Chip Select
17 |C2 Column Address 2 59 |Vee Vee
18 |R3 Row Address 3 60 |Vgs Vss
19 |C3 Column Address 3 61 Vss Vss
20 |R4 Row Address 4 62 (ML Mode Load
21 |C4 Column Address 4 63 1Vsg Vss
22 |R5 Row Address 5 64 |Vsg Vs
23 |[C5 Column Address 5 65 |COLINC Column Increment
24 |[R6 Row Address 6 66 |V Vee
25 |C6 Column Address 6 67 |CLK Clock
26 R7 Row Address 7 68 RFCLK Refresh Clock
27 |c7 Column Address 7 69 |DISRFSH Disable Internal Refresh
28 |[R8 Row Address 8 70 |RFSH External Refresh Request
29 |c8 Column Address 8 71 |WAITIN Add Wait State
30 |R9 Row Address 9 72 |RFIP Refresh in Progress
31 C9 Column Address 9 73 |— N.C.
32 — N.C. 74 —_ N.C.
33 |R10 Row Address 10 7% |- N.C.
34 c10 Column Address 10 7% |— N.C.
35 |ECASO Enable CASO 7 |— N.C.
36 |ECAST Enable CAS1 78 |WAIT/DTACK |Wait/Data Transfer
37 |ECAS2 Enable CAS2 Acknowledge
38 ECAS3 Enable CAS3 79 Qo Multiplexed Address 0
39 BO Bank Select 0 80 |Q1 Multiplexed Address 1
40 B1 Bank Select 1 81 Q2 Multiplexed Address 2
41 |ALE/ADS Address Latch Enable/ 82 |@3 Multiplexed Address 3
Address Strobe 83 |Vss Vss
42 Vo Voo 84 |Q4 Multiplexed Address 4
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Table 3. Interface Signal Definitions
Note: |indicatesaninputsignal. O indicates an output signal. Timing notations (t12) etc. are referenced to the timing dlagrams attheend of the

product description.

Symbol

Type

Description

ADS/ALE

Address Strobe/Address Latch Enable: This input latches row, column and bank
addresses, and initiates DRAM access. Addresses are strobed independently of CS,
however CS must be low to initiate an access. While ADS or ALE is high, the on-chip
address latches are transparent to the input.

In Mode 0: This input functions as address latch enable ALE.

In Mode 1: This input is active low, and functions as address strobe signal. The falling
edge of ADS also starts an access, if CS is low for the set-up time t12.

(Mode is selected by Bit B1 in the Mode Register. See PROGRAMMING THE
KS84C21/C22.)

AREQ

Access Request: This input terminates an access. In non-interleave mode: it brings RAS
high. In interleave mode: it brings CAS and RAS high.

BO, B1

Bank Select: These inputs are bank addresses, and atlow one of up to four memory
banks to be selected. Selection depends upon how C4, C5 and C6 in the Mode Register
are set.

Co-9, 10

Column Address Inputs: These column address bits are usually connected to the high
order address bits of the microprocessor. They select columns in the DRAM cell
configuration.

CAS0-3

Column Address Strobe: These inputs strobe the column address. They go low after the
programmed Column Address Set-up time of 0 or 10ns.

CLK

Clock: This is the system clock. It is used for bus arbitration and timing purposes.
Synchronous access requests must be synchronized with the system clock. The duty
cycle is significant if 1/2 Wait State is programmed.

Chip Select: The CS input must be low to enable a DRAM access. Row, column and bank
address are strobed independently of CS. There is a pre-access setup time.

In Mode 0 this is the rising edge of CLK, and in Mode 1 the falling edge of ADS.

COLINC/
EXTDRF

Column Increment/Extend Refresh: This input has two functions. During a DRAM
access, toggling COLINC increments the latched column address, which can be used to
access incremental memory locations within a row.

During refresh, EXTDRF extends a refresh cycle, to allow a read-modify-write cycle to be
performed in a system with error correction. See ERROR SCRUBBING.

DISRFSH

Disable Internal Refresh: When low, this input disables Internal Refresh.

ECAS0-3

ECASO also programs output WE (RFRQ), and sets the trailing edge of CAS.

Enable CAS0-3: These inputs are used to enable or disable individual CAS outputs, or
delay CAS from going low. They are useful when acgessing bytes, nibbles or pages.
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Table 3. Interface Signal Definitions (Continued)

Symbol Type Description

ML | Mode Load: This input latches the row, column, ECASO, and bank address inputs into the
Mode Register.

Qo0-9, 10 o] Address Outputs: These outputs are the muitiplexed address bits (R0-10, C0-10). They
access the memory for read, write and refresh operations. The output load may be as
high as 500pF.

R0O-9, 10 ! Row Address Inputs: These address inputs are usually connected to the low order

address bits of the microprocessor. They select rows in the DRAM cell configuration.

RASO0-3 (0] Row Address Strobe: These row address strobe signals are used to strobe the row
addresses into the DRAM.
RFCLK | Refresh Clock: This input determines the timing of the refresh cycles for the DRAMSs. It

should be a multiple of 2MHz. It is divided according to bits CO, 1, 2, and C3 in the Mode
Register, so that the refresh cycles occur at 15us or 13us intervals.

RFIP (0] Refresh in Progress: This output indicates that a refresh cycle is in progress. RFIP goes
low one CLK cycle prior to the start of a refresh cycle.

RFSH | External Refresh Request: Refresh cycles can be requested externally by driving the
RFSH signal low.

WAITIN | Add Wait State: If this input is low, one or two extra Wait States will be added to the access
cycle at an external event, e.g. memory read.

WAIT/DTACK (o] Wait/Data Transfer Acknowledge: This output inserts Wait States into CPU access
cycles. The output is controlled by bits R2, R3, R4, R5 and R7, in the Mode Register.

'WE/RFRQ (0] Write Enable/Refresh Request: After Power up reset and in interleave mode, this output

functions as refresh request. In non-interleave mode it can be programmed to function
as the WE output if ECASO is low in the Mode Register.

WIN | Write Enable Input: This input controls the WE output, and delays CAS, if programmed
to do so by bit C9 in the Mode Register.

—
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KS84C21/22 OPERATION

Introduction

The KS84C21/22 support both synchronous and asyn-
chronous operations; interleaved or non-interleaved
accesses; burst and non-burst accesses, and a variety of
refresh operations. They generate all the signals required
to control these various functions, by means of the Mode
Register. (See PROGRAMMING THE KS84C21/22)
Timing characteristics for typical operations are shown
under AC SWITCHING CHARACTERISTICS.

Reset
Power Up Reset

The KS84C21/22 on-chip power-up reset logic generates
a reset pulse:

s At power up;

o If Vg falls well below +3.0V, and reaches Vg min.
(Short spikes below the minimum Vg¢ will not reset
the chip. However, correct functionality is guaranteed
only within the operating conditions.)

When the chip is reset, all internal flip-flops, counters,
and the Mode register are reset, and the output lines are
inactive: RAS0-3, CAS0-3, WAIT (DACK), RFIP, WE
(RFRQ) are high, while Q0-9, 10 are low. Note that there
are no tri-state buffers on any of the outputs.

The chip does not need any time to synchronize after
power up, it is operable after 200 microseconds, as
required by most:DRAMSs.

After power-up reset, the Mode Register must be repro-
grammed in the programmable version of the chip.

External Reset

The Mode Load signal (ML) can also be used to reset the
chip. When ML is driven low, all counters and flip-flops
are reset, and the Mode Register is enabled to receive the
mode bit inputs.

Programming the KS84C21/22

The KS84C21/22 has a Mode Register that can be
programmed by the user, or mask-programmed at the
factory. The outputs from the register control the internal
program modes.

Mode Register

Figure 4 shows data flow to and from the Mode Register.

Figure 4. Mode Register Data Flow

R0-9

C0-9 ADDRESS : i
®1 LATCHES MODE

B0, 1 REGISTER

e —

ECASD

e 0y —

CONTROL
LOGIC

The Mode Register receives inputs from the CPU on the
address lines: Row addresses R0-9, Column address
C0-9, and Bank addresses B0, B1 and ECASO. These
bits are loaded into the Register when Mode Load (ML)
goes low. Alternatively, the Mode Register may be
programmed by initiating a ‘dummy’ access, as shownin
the Mode Load Timing Characteristics (Figure 11, AC
Switching Characteristics). ML, CS and AREQ are
asserted, the addresses are loaded into the Mode
Register on the falling edge of AREQ, while ML and CS
are low, or when ML goes high (whichever occurs first).

It is necessary to program the chip after power up, and
before using it in normal operation. The inputs to the
register are encoded to control a variety of functions, as
shown in Table 4. Note that inputs R10 and C10 of the
KS84C22 do not program the Mode Register.
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Table 4. Programming the Mode Register

ADDRESS LATCH

BO

B0 allows the user to decide whether address inputs should be latched by ADS/ALE, or whether the
address latches should be permanently transparent and merely allow passage of the address inputs.

BO
0 | Address bits latched.
Address latches transparent.

ACCESS MODES

B1

B1 allows the user to select either synchronous or asynchronous access modes.

In Mode 0 (synchronous), access is controlled by the system clock, and the access RAS is initiated
on the rising edge of the first clock input after ALE goes high. AREQ is used to hold RAS low during
access.

In Mode 1 (asynchronous), the leading edge of ADS initiates access immediately, and the trailing
edge of AREQ terminates RAS.

B1
0 | Access Mode 0 (synchronous)

1 | Access Mode 1 (asynchronous)

ENABLE COLUMN ADDRESS STROBE

ECASO

Controls the CAS outputs. Only one ECAS Mode Register.

ECASO

0 CASn outputs are negated with AREQ in non-interleave mode.
WE output is selected.

1 CASN outputs can be held low until the rising edge of CLK, after RAS is deasserted in non-
interleave mode.
RFRQ is selected.

RAS LOW AND RAS PRECHARGE TIME

RO, R1

These bits control the period of time that RAS is low during refresh operations, and also determine
the guaranteed RAS precharge time. The time interval shown (T) is equivalent to one Clock (CLK)
cycle.

RO | R1 RAS Low Time RAS Precharge Time
0 0 2T 1T
0 1 2T T
1 0 3T 2T
'K 4T 3T
—— —
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Table 4. Programming the Mode Register (Continued)

DYNAMIC RAM CONTROLLERS

WAIT OR DTACK GENERATION FOR NON-BURST MODE ACCESSES

R2, R3, R7 These bits control the WAIT or DTACK generation modes for R7 non-burst accesses. Bit R7 is set to
select either WAIT or DTACK type of output. The time interval shown (T) is equal to one Clock
cycle.

WAIT High from WAIT High from Access

Access RAS Low. RAS Low, After DTACK Low from
R7 | R2 | R3 Non-delayed Access Delayed Access RAS Low
0 0 0 No wait states oT —
0 o] 1 No wait states 1/2T —_
0 1 0 1/2T 1/2T —
0|1 |1 1T 1T —
1 0 0 — — (13
1 0 1 — — 1/2T
1 1 0 — — 1T
1 1 1 — — 1-1/2T

WAIT OR DTACK GENERATION FOR BURST MODE ACCESSES

1

Hold WAIT low (DTACK high) for two extra clock periods.

R4, R5 R4 and R5 Control WAIT or DTACK generation modes during burst mode accesses.
R4 | RS Condition
0 0 | No wait states. WAIT stays high and DTACK stays low from previous access.
0 1 1/2T. WAIT goes high on the falling edge of the next CLK.
1 0 | 1T WAIT goes high on the rising edge of the next CLK. DTACK goes low one
click cycle after CAS.
1|1 |oT WAIT (DTACK) follows CAS.
ADDS WAIT STATE
R6 R6 adds wait states to the current access if WAITIN is low.
R6 Condition .
0 | Hold WAIT low (DTACK high) for one extra clock period.
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Table 4. Programming the Mode Register (Continued)

INTERLEAVING

R8

R8 Determines whether the DRAM is accessed in interleaved or non-interleaved mode.

In interleaved mode, the row addresses are multiplexed to the DRAM controller address outputs,
after the column addresses have been held for a sufficient time (35ns minimum) after CAS has gone
low.

In non-interleaved mode, the column addresses are held on the DRAM controller address outputs
until CAS goes high.

R8
0 | Interleaved mode
1 | Non-interleaved mode

STAGGERED REFRESH OPERATIONS

R9

R9 determines whether the refresh operation is standard, or staggered.
During a standard refresh cycle, all RAS outputg will be asserted and deasserted at the same time.

in staggered refresh operations, the RAS outputs will go low in sequence, at one clock intervals.
One or two RAS outputs are selected at a time, depending upon the RAS/CAS configuration
selected by the setting of C4-C6. There is no error scrubbing during this type of refresh.

RS
0 | Standard refresh
1 | Staggered refresh

RFCLK DIVIDER

Co, C1, C2

These bits allow the user to select the divider for the refresh clock input (RFCLK), from which the
internal REFRESH clock is generated. Select divider such that the result is an approximately 2MHz
clock (REFRESH).

Co | C1|C2

0 0 0 | Divide by 10
0 0 1 | Divide by 6
0 1 0 | Divide by 8
0 1 1 | Divide by 4
1 0 0 | Divide by 9
1 0 1 | Divide by 5
1 1 0 | Divide by 7
1 1 1 | Divide by 3

¢t SAMSUNG

Electronics




KS84C21/C22 DYNAMIC RAM CONTROLLERS

Table 4. Programming the Mode Register (Continued)

REFRESH CLOCK DIVIDER

Cc3 C3allows the user to divide the internal refresh clock (REFRESH), to get the required refresh cycle
time.

c3

0 | Divide by 30. Divides the internal REFRESH clock (usually 2MHz) by 30, to produce a refresh
clock period every 15 microseconds.

1 Divide by 26. Divides the internal REFRESH clock (usually 2MHz) by 26, to produce a refresh
clock period every 13 microseconds.

RAS AND CAS CONFIGURATIONS

C4, C5, C6 These bits, in conjunction with B0 and B1 control the RAS and CAS S configurations. There are four
and four CAS outputs, that can be grouped so that each RAS and CAS will drive one fourth of the
array, regardless of whether the array is arranged in 1, 2 or 4 banks. The setting of these bits also
determines whether error scrubbing and interleaving can be supported.

Error Support
C4 |C5|C6 RAS and CAS Configuration Modes Scrubbing | Interleaving

0 0 0 | RASO-3 are brought low during an access. CASO-3 are all " Yes No
selected during an access but only those enabled by the
corresponding ECAS can go low. BO and B1 are not used.

0 0 1 | RAS groups are selected by B1. No No
BO is not used. All CAS outputs |B1 | B0

are selected, making tp?s mot:!e 0 | — |RASO, 1
useful for byte writing via
ECASO-3inputsandtheCAS0-3 | 1 | — |RAS2,3
outputs.
0 1 0 | RAS, CAS pairs selected by BO, : Yes Yes

A particular CAS cannotgo low |B1 |BO
unless its ECAS is also low.

0 | 0 |RASO and CASO
0 | 1 |RAS1 and CAS1
1]0
141

RAS2 and CAS2
'RAS3 and CAS3

0 1 1 | RASN is selected by BO and B1. No No
CAS outputs are selected, |B1 B0
making this mode useful for

byte writing via ECASO0-3 inputs 0 | 0 |RASO
and the CASO0-3 outputs. 0 | 1 [RAS1
1 | 0 [RAS2
1|1 |RAS3
1 0 0 | RAS, CAS groups selected by Yes Yes
B1. A particular CAS cannotgo |B1 B0
low unless its ECAS isalso low. o T RABO, 1 and
CASO, 1
1 | — [RAS2, 3 and
CAS2, 3
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Table 4. Programming the Mode Register (Continued)

RAS AND CAS CONFIGURATIONS (Continued)

Error Support

C4 | C5 | Cé RAS and CAS Configuration Modes Scrubbing | Interleaving
1 0 1 | RAS, CAS groups are selected . No Yes
by B1. A particular CAS cannot | B1 |B0
go low unless its ECAS is also 0 | — |RASO. 1 and
tow. CASO, 1
1 | — |RAS2, 3 and
CAS2, 3
1 1 0 | RASO0-3 and CASO0-3 are all selected during an access. This No No

mode is useful for byte writing via ECAS0-3 inputs and the
CASO0-3 outputs. BO and B1 are not used.

1 1 1 | RASnand CASn are selected by No Yes

BO and B1. A particular CAS |B1|B0
f;annot go low unless its ECAS 0 | 0 |RASO and CASO
is also low.
0 | 1 |RAST and CAS1
1 | 0 |RAS2 and CAS2
1 | 1 [RAS3 and CAS3
COLUMN ADDRESS SETUP TIME SELECTION
c7 C7 allows the user to select a minimum guaranteed setup time (tasc) for thecolumn address inputs.
c7
0 | Selects 10ns setup time.
1 Selects Ons setup time.
ROW ADDRESS HOLD TIME SELECTION
(03] C8 allows the user to select a minimum guaranteed hold time (tgan) for the row address inputs.
cs
0 | Selects 25ns hold time.
1 Selects 15ns hold time.
DELAY CAS DURING WRITE ACCESSES
C9 C9allows the user to delay CAS during write operations. If no delay is selected, CAS is treated in the

same way for read and write operations. If delay is selected, CAS is delayed for one rising clock
edge after RAS goes low.

c9
0 | No delay.
1 Delay selected.
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Standard Access Operations

The versatile KS84C21/C22 chips support a variety of
DRAM operations. They enable read and write accesses,
in synchronous or asynchronous mode, with or without
interleaving, and in burst or non-burst mode. Typical
operations are illustrated in the timing diagrams at the
end of this Product Description.

Operating Features

DRAM performance is optimized under the control of
the KS84C21/C22, as a function of the special operating
features designed into the chips. This section describes
some of the features that enhance DRAM performance.

Controlling Precharge Time

The precharge time of the DRAM, or the time the chip
takes to stabilize between accesses, negatively impacts
the overall access speed of the memory devices. Since
the DRAM performance is generally trailing CPU through-
putiime, the DRAM controller can play animportant role
in improving overall system performance.

RAS Low and RAS Precharge Time. RAS precharge
time can be programmed using bits RO and R1 in the
Mode Register. The precharge time is guaranteed during
access and refresh. RAS low and RAS precharge times
are counted by the rising edges of the CLK input. Each
bank of memory devices has its own precharge counter.
This is an important feature, since the KS84C21/C22
allows memory interleaving of 2 or 4 memory banks.

AREQ must go high at tC22 with respect to the rising
edge of the CLK input, to be counted as 1T of the
programmed precharge time. (This means that 1T can
be somewhat less than one clock period.)

The KS84C21/C22 inserts Wait States as required, to
keep the CPU and DRAM interactions in step. The
system designer is responsible, however, for making
sure that the appropriate numbers of Wait States are
inserted to keep RAS low for the period of time required
by the DRAM specification.

‘CAS Precharge Time. The ECASn input controls CAS
precharge time during a burst access. The CASn output
isadirect function of the ECASninput. The KS84C21/C22
does not monitor precharge time tgp or tycp in a page or
nibble access.

DYNAMIC RAM CONTROLLERS

Access Features

The KS84C21/C22 enables a number of types of DRAM
access, -that either enhance DRAM performance, or
increase the DRAM's flexibility in specific applications.

Static Column Access. With this type of access, a
specific memory row is accessed, and the column
addresses to that row are toggled, enabling sequential
accesses, without invoking a succession of RAS and
'CAS signals. The input addresses can be either latched
or fall-through, as programmed by bit BO in the Mode
Register. This feature does not support random row
accesses.

Page Access. For such applications as frame buffer, or
printer buffer, the KS84C21/C22 support fast page
accesses, in which a specific row is accessed, and
incremental column addresses within that row are
accessed sequentially. The built in column counter
provides the column address. If the row changes, a new
access must be initiated with ADS or ALE. This feature
does not support random row accesses.

Memory Interleaving. Performance is similarly enhanced
if consecutive accesses are made to different memory
banks by hiding the precharge time in the access of
subsequent access cycle. The KS84C21/C22 supports
access to up to 88 DRAMSs, arranged in up to four banks,
each containing 16 memory devices for data and 6 for
error correction. The bank address bits, BO and B1 are
the least significant bits, as seen by the CPU. The
KS84C21/C22 ensures that the DRAM will be precharged
for the programmed number of CLK cycles by inserting
Wiait States. The precharge counter, as programmed by
RO and R1, keeps track of the CLK inputs, and after
reaching the programmed number, the rising edge of the
next CLK input is used to complete the current cycle.
The precharge counter starts with the rising edge of the
first CLK input (which is counted as 1T) that occurs after
the low-to-high transition of AREQ. There is a required
setup time to the rising edge of CLK of tC22.

Delay CAS

An early write cycle to a DRAM is useful if the input data
is not stable at the falling edge of WE, or if bidirectional
data buffers are used. With this sort of access, WE goes
low before CAS is low. The column address bits and data
are stored in the DRAM latches on the falling edge of
‘CAS. The data output buffer of the DRAM is tri-stated
during the entire RAS cycle.
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To achieve an early write cycle, the CAS output of the
K884C21/C22 can be delayed one CLK cycle, if bit C9 of
the Mode Register is set appropriately. CAS will go low
tC24 after the rising edge of CLK. If CAS has been
delayed in this way, and requires further delay, this can
be done by holding ECASn high, which prevents CAS
from going low.

Conversely, a late write access may be required, in which
WE is asserted after CAS. In this case, the column
address bits are latched into the DRAMs on the falling
edge of CAS and the input data is latched on the falling
edge of WE.

Wait States

Wait states are required when a relatively slow DRAM is
operating with a fast CPU. The KS84C21/C22 generates
the WAIT signal, and sends it back to the CPU instructing
it to insert a Wait. This means that the CPU will not look
for data prematurely, and during a Refresh operation, an
access is deferred. Bit R7 of the Mode Register must be
set to ‘O’ to instigate this feature.

If the Wait state is not selected, the KS84C21/C22
generates a handshaking signal, DTACK, which is re-
turned to the CPU to acknowledge transfer of data.

Refresh Operations

The KS84C21/22 provide a number of refresh options, as
described below.

Automatic Internal Refresh

Internal refresh is generated by an internal refresh
counter, which keeps track of the refresh intervals, and
also supplies the row address bits required to refresh the
memory area. (Internal refreshis a RAS-only operation.)
The refresh period is selected by bits C0, C1, C2 and C3
of the Mode Register.

The refresh period for most DRAMs is 15 microseconds.
This means that the one megabit DRAM has to be
refreshed every eight milliseconds, during which time,
512 rows must be accessed. This calls for a 9-bit refresh
counter. The KS84C21 has a 10-bit counter, and the C22
has an 11-bit counter. The extra bits are used for error
scrubbing over the whole address range.

if a refresh is requested by the on-chip Refresh counter,
while an access is in progress, that access is finished
before the refresh cycle is initiated. The next access is
deferred until the refresh cycle is complete. The wait
logic automatically inserts Wait States.

Internal refresh is possible in both interleaved and non-
interleaved modes.

DYNAMIC RAM CONTROLLERS

Automatic Internal Staggered Refresh

Staggered refresh, during which the RAS signals are
staggered at one CLK intervals, can be selected by
appropriately. setting bit R9 in the Mode Register. This
type of cycle aliows the memory area to be refreshed in
two or four refresh operations that are interspersed with
regular memory accesses. Staggering refresh operations
reduces the switching current.

External Controlled Refresh

Refresh operations can be controlled externally and can
be either ‘all RAS’ or staggered. As for internal refresh,
the row address bits are supplied by the on-chip refresh
counter.

Internal refresh must be disabled by driving DISRFSH
low. RFSH must go low at setup time tR1.

Refresh Request Divider

The refresh request divider (derived from the program-
mable divider asserts RFRQ externally, if internal or
external refresh has been selected by DISRFSH.

Clearing the Refresh Counter (Row Address)

The refresh counter is cleared by driving DISRFSH high
and RFSH low, with a setup time of {R1 to the rising edge
of CLK. This procedure does not invoke a refresh of the
DRAM.

Error Scrubbing

In a system with error correction, transparent error
scrubbing is one method of increasing data integrity. A
full access is performed during refresh, during which
dataand ECC bits are continuously updated and checked,
and random bit errors corrected. The error scrubbing
option is selected by appropriately setting bits C4, C5
and C6 of the Mode Register.

When the KS84C21/22 are programmed for error scrub-
bing, a complete memory access is performed during
the refresh cycle. The 12- or 13-bit internal scrubbing
counter provides the column address bits, and the 10- or
11-bit refresh counter provides the row address bits.
Error scrubbing is done by word, not by byte.

1fthe error correction circuitry detects an error, the error
is corrected by writing the corrected word to the DRAM
by means of the read-modify-write operation. (The data
is read and checked during the read portion, and
modified/corrected data is written back during the write
portion.) .
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To enable this type of cycle, EXTDRF must be asserted
while RAS is low. RAS and CAS remain low until the
rising edge of the next CLK, after EXTDRF has gone low

again.

Although the KS84C21/22 control the error scrubbing,
they do not provide the error correction circuitry.

Access Modes

The KS84C21/22 supports both synchronous and asyn-
chronous operations. The user can select the mode
most suited to the microprocessor with which the DRAM
is interfacing, by means of bit B1 in the Mode Register.

Mode 0 — Synchronous Access

Mode 0 is selected when B1 = 0. To initiate a Mode 0
operation, ALE must pulse high 102 before the rising
edge of the clock input (CLK). Provided that the chip
select signal (CS) has been established at t01 before the
rising edge of the next CLK input, access will start on the
rising edge of that CLK.

Since ALE is high, the address latch is transparent to the
address inputs, and, if the chip is programmed in
Address Latch Mode (B0 = 0), the latch stores the
address bits that were present one setup time (t06)
before the high-to-low transition of ALE. If the chipis not
in Latch Mode (BO = 1), the address inputs have to meet
the setup time of t05 to the rising edge of CLK, to make
sure that the row address bits are on the Q output when
row address strobe (RAS) is asserted.

Mode 1 — Asynchronous Access

Mode 1 is selected when B1 = 1. To initiate a Mode 1
operation, CS must be low for t12 before ADS goes low.
If the chip is programmed in Address Latch Mode, the
address latch, which is transparent to address inputs
while ADS is high, stores the address that was present
one set up time t14 before the high-to-low transition of
the ADS signal.

& SAMSUNG
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Interleaving

The KS84C21/22 support both interleaved and non-
interleaved memory operation. Interleaving is controlled
by the R8 input to the Mode Register.

Interieaving

With R8 setat0, the chip supports interleaved accessing
of the DRAM. This is a way of reducing access cycle
time. In interleaved mode, access cycles (read or write)
are overlapped, so that before an access cycle is
completed in one memory bank location, another access
may be started in a different memory bank. Since the
precharge time of most DRAMs is between 80 and 100
nanoseconds (about the same length as tpag), inter-
leaving can save up to 50% of cycle time.

Memory accesses can only be overlapped in physically
separated banks of memory, and may occur during
precharge time.

Interleaving can take place in either Mode 0 or Mode 1.

Non-Interleaving

When R8 is setat 1, the chip does not support interleaving.
The address lines from the microprocessor are connected
to the Row (R), Column (C), and Bank (B) inputs of the
KS84C21. BO and B1 (bank address bits) may be
connected to the most significant or the least significant
address bits.

Access starts in Mode 0 if ALE pulses high t02 before the
edge of the CLK input. In 1, access starts when CS
remains low for t12 before the falling edge of ADS. In
both cases, access is terminated when AREQ goes high,
terminating RAS. CAS goes high or stays low until the
rising edge of the next CLK, as programmed by ECASO
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DC ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

DC Supply Voltage ..........cccoviiiiiiiiiiiiinnns v All Input and Output Voltage ..... Vgg ~ 0.5V to +7V
Temperature Under Bias ................. 0°C + 70°C Power Dissipation at 25MHz ..................... 0.6W
Storage Temperature ................ -65°C to 150°C ESD i 2000V

Note: ifthedevice is used beyond the maximum rating, permanent damage may occur. Operation should be limited to those conditions specified
under DC Electrical Characteristics.

DC Electrical Characteristics (T = 0°C to +70°C, Vg = 4.5V to 55V, Vsg = OV)

Symbol Parameter Condition Min Typ Max Units
ViH Input High Voltage Tested with limited Test pattern 2.0 Vcet0.5 Y
ViL Input Low Voltage Tested with limited Test pattern | -0.5 08 v
Vot | Q and WE Outputs lon = -10mA 2.4 v
VoL1 |Q and WE Outputs loL = 10mA 05 v
Vorz | All outputs except Q and WE |lo. = -3mA 2.4 v
Vorz | All outputs except Q and WE |lgL = 3mA 0.5 v

IiN Input Leakage Current ViN = Vg or Vgs *10 uA
e | ML Input Current Vin = Vss 200 A
lcc1 | Quiescent Current CLK at 25MHz Inputs Inactive 15 mA
lccz  [Supply Current Inputs Active (I load = 0) 2.5 mA/MHz
CiN Input Capacitance fin at 1MHz 5 10 pF

AC SWITCHING CHARACTERISTICS

Figure 5 shows a typical test circuit, while Figure 6 shows the output drive levels. Figures 7 through 14 provide switching
characteristics for a number of typical KS84C21/C22 operations:

Figure 7. Mode 0 Interleave

Figure 8. Mode 0 Wait State, Non-interleave
Figure 9. Mode 1 Interleave, Address Latch
Figure 10. Burst Access, Page Mode

Figure 11. Non-Interleave, Delay CAS

Figure 12. Mode Load

Figure 13. CLK, RFCLK Timing

Figure 14. Internal Refresh

Figure 15. Refresh and Extend Refresh
Figure 16. Staggered Refresh

Unless otherwise stated Vg = 4.5V to 5.5V, 0 < Tp < 70°C

Load Capacitance: Q0-Q9, Q10 C_ = 500pF
WE C_ = 700pF
RASO0-3, CAS0-3 C| = 175pF
All other Outputs  C = 50pF

All minimum and maximum values are measured in nanoseconds.
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CAPACITIVE LOAD SWITCHING

Figure 5. Switching Test Circuit

DEVICE

25
EE]
":n
-u—»—1

*1pa SPECIFIED AT Cy. = 500pF ALL Q OUTPUTS
Cy = 175pF RAS AND CAS OUTPUTS
Cy = 700pF WE OUTPUT

TYPICAL SWITCHING CHARACTERISTICS

Figure 6a. Output Drive Levels Figure 6b. Simplified Output Driver Schematic

Vee

VOLTAGE WAVEFORMS

av
INPUT 15V 15V oUTRUT TO
oy RAM ADDRESS
tpLn OR CONTROL
> \PHL LINES
24v
ouTPUT
08V yo,

o -
ov

AC Testing inputs are driven at 3.0V fora logic “1” and 0.0V for a logic
“0". Timing measurements are made at 2.4V for a logic “1” and 0.8V
for a logic “0” at the outputs.
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Figure 7. Mode 0 Interleave

ACCESS START

aw/ NN\ S\
= gy "M:
ALE | . ADDRESS LATCH /
o - I;.mo
s ;l /
-»|c22|e—
AREQ 06 / \
1 012
>
Bo, 1
f X
R, €0-9, 10 :XP — =
j0sle—
ao9t0 _ XXX mow M COLUMN _:Fm_ ROW. X_coomn___ X
o cﬂﬁ ! 58 c® 1 —-l;:miq— 27) 3T h—c7—:l
J— RAH tasc fcan
RASh //4 AN
08 Cﬂl<— g
CASn X ‘.1”
wo3
—{ W5
- l*j ~
A\ v//74
No. Parameter Min | Max No. Parameter Min | Max
01 |CS Low to CLK Rising Edge 10 C2 |Address to Q output 35
02 |ALE High to CLK Rising Edge 15 1T C3 |Row Address Hold Time, tgay = 15ns | 15
03 [Address Hold Time from CLK 108 C4 |Row Address Hold Time, tgay = 25ns | 25
Rising Edge not using the _ ]
on-Chip Address Latch C5 CquTn Address Set-up Time o]
- tasc = Ons
04 |ALE Pulse Width ® C6 |Column Address Set-up Time 10
05 |Address Set-up to CLK Rising Edge 20 tasc = 10ns
not using the On-Chip Address Latch C7 |CLK Rising Edge to RAS active after 35
06 |Address Set-up to ALE Falling Edge 3 delayed access
using the On-Chip Address Latch C8 | CLK Rising Edge to CAS active after
07 |CLK Rising Edge to RAS Low 35 delayed access
08 |CLK Rising Edge to CAS Low (non- 2 |tran = 1505, tasc = Ons 85
d b |tran = 1508, tage = 10ns 95
elayed access) c It - 25ns. t = 0 95
3 |taan = 1508, tasc = Ons 8 3 |t e s - 10ns 105
b |tran = 15ns, tagc = 10ns 95 RAH » 'ASC -
¢ |tgan = 25ns, tagc = Ons 95 C12 | AREQ High to RAS High 35
d_|tRan = 250s, tasc = 10ns 105 C17 | AREQ High to CASn High 25
09 |ALE Low to CLK Rising Edge Setup | 15 €20 | Column Address Hold Time 35
010 |CS Low while AREQ Low 0 in Interieave
012 | Address Hold Time from ALE falling 10 C22 | AREQ High to CLK Rising Edge to 15 1T
edge using the On-Chip recognized as 1T of RAS precharge
Address Latch W03 [CS Low to WAIT Low if No Wait 2
State programmed
W5 |CLK Rising Edge to WAIT High 25
CLK High to DTACK Low 35
0T Programmed
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Figure 8. Mode 0, Wait State, Non-Interleave

N/ N N N/ i N T\
AE A
ol wo we e
T T
—»{c12
"\
e\ C26 c21
ECASh \ v ):_—_\_
:gr— - wsl<— —»({4\'1— | w1
Wart 7
- Ped
—_ ~x,

mET N\

—»C13 >{C13{=— —{C25|a—
CASn

\
—»] |-w05 > w7 | ws

DTACK ‘L R _\\\ []7'—"
R23458 = 0 N NO warT - 1 WAIT ADDED
WAIT
el
R26 ='0' R345='1
WAIT A\\\—//4 AN 7
No. Parameter Min | Max No. Parameter Min | Max
C12 | AREQ High to RAS High 35 W01 | WAITIN Low to CLK Rising Edge to 5
C13 | ECASn High to CASN High or 25 Addrwf"nf‘a‘g (s) if no Wait State
ECASNh Low to CASn Low 'S programme —
C21 | AREQ Rising Edge to ECAS 20 W02 | ALE Rising Bdge to WAIT Low (Cs %
Rising Edge in order not to start a ) us W)
Wait State W1 | CLK to WAIT High 30
C25 | CLK Rising Edge to CASn High if 30 W2 |CLK to DTACK Low 30
ECASN low at AREQ Rising Edge (if . v
Delay Programmed by ECASO) W3 |AREQ Rns.mg Edge to DTACK High 25
C26 |ECAS Low Set-up to CLK Rising 20 W4 | ECAS Rising Edge to WAIT Low %
Edge during burst access W5 | CLK Rising Edge to WAIT High 25
CLK High to DTACK Low 35

0T Programmed

W6 | WAITIN Low to ECAS Rising Edge to| 5§
Add Wait State(s)

W7 |ECAS High to DTACK High during 35
burst access
W8 | ECAS low to DTACK Low during 35

Burst Access (0T programmed)
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Figure 9. Mode 1, Interleave, Address Latch

18— 1 t 1._._[
ADS ADDRESS LATCH AND START ACCESS 4/'——\
12 [
cs j
AREQ \ / \ /!
14
-t—15.
~
A co-s, 0 XXX XXX XXX XXX Xaoonwan X X X XXX X —
C2
1B C3a | , [N c20 ' e N |
— lnmrl tasc tcan ] - Tl
RASn y//4 AN
-»lciz
RASm AN
CAsn \ v//4
tcas cr7
CASm S\
— wi2
BaCK S N/
No. Parameter Min | Max No. Parameter Min | Max
C2 |Address to Q output 35 11a |ADS Low to CLK Rising Edge 7
C3 |Row Address Hold Time, tgay = 15ns | 15 11b |ADS Low to CLK, to guarantee WAIT | 25
C4 |Row Address Hold Time, taap = 25ns | 25 DTACK output
C5 |Column Address Set-up Time 0 12 |CS to ADS Low Set-up Time 5
tasc = Ons 13 |ADS Falling Edge to RAS Low during 35
C6 |Column Address Set-up Time 10 an Access
tasc = 10ns 14a | Address Set-up to ADS Falling Edge | 10
C12 [AREQ High to RAS High a5 using the On-Chip Address Latch
S AG L 14b | Address Set-up to ADS Falling Edge 10
C17 | AREQ High to CAS High 2 not using the On-Chip Address Latch
c20 ﬁ"l':;‘:l‘e:f:mss Hold Time 3% 1152 | Address Hold after ADS Falling Edge | 8
using the On-Chip Address Latch
W12 ADS Low to DTACK Low 40 15b | Address Hold after ADS Falling Edge | 116
OT from RAS Programmed . X
R2.3=0 R7 =1’ not using the On-Chip Address Latch
y 16 |ADS Low to CAS Low
C9 = ‘0’ (not delayed access)
a |tgay = 15ns, tagc = Ons 85
b tpan = 168, tagc = 10ns 95
Cc |[traH = 25ns, tASC = Ons 95
d tHAH = 25ns, tASC = 10ns 105
18 |ADS held High from CLK 3
Rising Edge
19 [ADS Pulse Width 10
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Figure 10. Burst Access — Page Mode

ECASn
cn——»i | «—— C23——»]
CAsn ya VARRN
—Ci6—»]
COLING .\
i i
Q chUMN ADDRESS COLUMN ADDRE;S& 1
No. Parameter Min | Max No. Parameter Min | Max
C13 |ECASn High to CASn High 25 C16 | COLINC High Set-up to ECASn Low | 15
C15 | COLINC Rising Edge to Column 35 C23 [ECASn Low to CAS Low 25
Address Output C27 | COLING Puise Width ' 20
Figure 11. Mode Load
|-—> MODE EFFECTIVE
‘__\r—m—»
™ML e

M4
cs \I /
mEQ . . /

; S M1 |-M2
B0, B1

No. " Parameter : Min | Max No. Parameter Min | Max
M1 |Mode Address Set-up Time 5 M4 |CS asserted to AREQ asserted 5
M2 |Mode Address Hold Time - 5 M5 | Mode Address Hold Time from 30
M3 | ML asserted to AREQ asserted 10 AREQ Low
. M6 |Mode Address Set-up Time to 0
AREQ Low
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Figure 12. Non-Interleave — Delay CAS

axk TN_ AV M\ SN\
ae _ /T \ /7 \
s\ /-
AREQ \ / \
Btoat0 X X X
Qo-910 X ROW X COLUMN X ROW X COLUMN X
RASP A AN
C24 C25
CASn \\l 4 2\
01
WIN _>|\ 417
—»Icu - — c14l<—
WE (\\l y//4
ECASn \ / \
No. Parameter Min | Max No. Parameter Min | Max
011 |WIN low to CLK Rising Edge to 5 C18 | CLK High 15
delay CAS (C9 =) C18a| CLK Low 15
C14 |WIN to WE 40 €19 [CLK Period 40
C24 [CLK Rising Edge to CAS Low if 30 -
delayed by WIN C28 | RFCLK High 15
C25 | CLK Rising Edge to CASn High if 30 (C28a| RFCLK Low 5
ECASN Low at AREQ (if delay C29 |RFCLK Period 40
programmed by ECASO)
Figure 13. CLK, RFCLK Timing
C18 j C18a C19
CLK
C28 C28a c29
RFCLK
301
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Figure 14. Internal Refresh — Interleave Access

B\ /
cs \
AREQ \ ~—
RO & X
Q0-910 ROW COLUMN X_row X row ROW COUNTER X ROW
‘ ; 5 i
RASH \ ACCESS REFRESH ACCESS
CASn —_\___/ \
WATT A\ /o
WAIT 314_3[ ®
RFRG \ y//4
R5 R6
- = 7
RFIP /8 (1) o7 AFTER DELAYED ACCESS
R2,R3 = 0’
No. Parameter Min | Max
R5 |AREQ High to RFIP Low for Pending 35
Refresh Burst Access
R6 |CLK Rising Edge to RFIP High for 35
Pending Refresh Ending
R7 |CLK Rising Edge to Refresh 30
RAS Ending
R9 |CLK Rising Edge to Refresh 35
RAS Starting
R13 | CLK Rising Edge to RFRQ High 35
w
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Figure 15. Refresh and Extended Refresh

“w_ SN S T \—/
AREG
RS
— R6 —-P_Rjd—
RFIP :l
Q X REFRESH ROW X REFRESH ROW
:qag — tm
RASH —
—j R2
DIRFSH
A1—| e
RFSH
R10. —»-ln:s - I«m»
EXTDRF /. \U
No. Parameter Min | Max No. Parameter Min | Max
R1 |RFSH Low Set-up to CLK 5 R6 | CLK Rising Edge to RFIP High for 35
Rising Edge Pending Refresh Ending
R2 |DISRFSH Low Set-up to CLK 15 R7 | CLK Rising Edge to Refresh 30
Rising Edge RAS Ending
R3 |EXTDRF Set-up to CLK Rising Edge 12 R9 | CLK Rising Edge to Refresh 35
R4 |CLK Rising Edge to RFIP Low 30 RAS Starting
RS |AREQ High to RFIP Low for Pending 35 R10 |RFSH Low Pulse Width 5
Refresh Burst Access
Figure 16. Staggered Refresh
DISRFSH
RFSH \
RFIP \ /
RASO ™\ /
RAST \ /
RASZ \ /
RAS3 \ /
Qo-9,10 X REFRESH ROW X REFR. ROW + 1
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NOTES ON TIMING CHARACTERISTICS

This section prdvides notes on timing characteristics for the following operations:
s Interleaving (Figures 7, 9 and 14)
e Two consecutive accesses to the same bank
o Refresh (Figures 14, 15 and 16)
e Wait States (Figure 8)

Interleaving

Relevant Mode Bits

R8 Interleave/non-interleave mode
C4,5, 6 Select Interleave 2, 4, 5, or 7
BO Address latch mode

B1 Access Modes

C7 Column Address Setup Time
c8 Row Address Hold Time

RO, 1 RAS Precharge Time

External Signal Inputs

CS This input enables the access cycle. o
Mode 0: It must be low for t01 before the rising edge of CLK. CS must stay low until AREQ goes low.
Mode 1: It must be low t12 before the falling edge of ADS.

ADS Mode 1: This input latches the address during asynchronous accesses. The falling edge must occur
t11 before the rising edge of CLK. It may go high after AREQ was low for one CLK period. The address
ofthe R, Cand B inputs is latched at the falling edge of ADS, if bit B0 in the Mode Register is ‘0" Whlle
ADS is high, the address latches are transparent to the input.

ALE Mode 0: Thisinput latches the address during synchronous accesses. The rising edge must occur t02
before the rising edge of the next CLK input which starts an access. This is also true if the on-chip
address latch is programmed in fall-through mode (bit BO in the Mode Register is ‘1’).

AREQ This input ends the active time of RAS and CAS. It may go low with ADS or some time later. AREQ has
to be high tC22 before the rising edge of CLK in order to be recognized as 1T of precharge time.

RASn and CASn go high at the rising edge of AREQ, independently of ADS. )S. Example: if RAS3
followed by RAS1 has been invoked, RAS3 goes high with the first rising edge of AREQ and RAS1 with
the second.

RAS Precharge time: If two consecutive access cycles address the same bank, i.e. the two least
significant bits do not change, the precharge time tgp is met by invoking Wait States.

ECASn ECASNn must be toggled to invoke a burst access while RASh is low.

CAS precharge time: The CAS precharge time during burst access must be controlled by the ECAS
inputs. KS84C21/22 do not monitor the duration of CAS.

R C Mode 0: Address inputs must be stable t05 before CLK goes high if the address latches are fall
B0, B1 through, and t06 if the address bits are latched. The address hold time is 03 or t12.

Mode 1: Address inputs must be stable for.a setup time of t14a and t14b before ADS goes low. The
address hold time is t15a and t15b for latched and unlatched address bits.

Note: To meetthe address hold time requirements, the KS84C21/22 guarantee that the column address is turned on for 35ns.
If an access is initiated before the column address is turned on, the column address may change, since the address
latches are transparent while ADS or ALE is high.

& SAMSUNG el o

Electronics



K884C21/ 022 DYNAMIC RAM CONTROLLERS

External Signal Inputs (Continued)

BO, B1 These two inputs should be connected to the two least significant address bits. BO and B1 select one of
the memory banks, depending upon the setting of bits C4, C5 and C6 in the Mode Register. Set-up and
hold times are as described for the address inputs.

Signal outputs

Q-Row The Q outputs are the multiplexed address outputs. The row address is on the Q-outputs after the
propagation delay time tC2. The row address appears after a Column Address Hold time of 35ns
minimum (interleave mode only).

RASn The row address is guaranteed to be stable when RAS goes low. RASn stays low as long as AREQ is
low and then stays high for the programmed number of CLK cycles. If required, Wait States are
requested by the output WAIT or DTACK.

CASn This output goes low after t16, guaranteeing the programmed Column Address Set-up time of Ons or
10ns and the Row Address Hold time of 15ns or 25ns.

Q-Coln After the Row Address Hold time has elapsed, the column address is multiplexed to the Q outputs.
After the Column Address Hold time of min. 35ns, the row address will again be on the output.

'WE/RFRQ ‘This output signal is asserted when aninternal or external refresh is requested. in interleave mode, the
WE input to the DRAMs must be controlled by external logic.

Two Consecutive Accesses to the Same Bank -

External Signal Inputs

AREQ AREQ must go high to end the access in progress, before a pending access can be executed.

ADS/ALE An access may be started while AREQ is high or low. This means that ADS or ALE may go low while
CAS is active.

Signal Outputs

WAIT or This output is asserted when the same bank is accessed in two consecutive cycles, and/or the RASn

DTACK precharge time for the current access is less than the programmed precharge time. The WAIT output if
programmed, is asserted immediately when the KS84C21/C22 detects that the bank did not change
and the DRAM was not precharged.

RASN These outputs go high with the rising edge of AREQ, and remain high for the number of CLK cycles
programmed by RO and R1 in the Mode Register. After the precharge time has elapsed, a pending
access is executed on the rising edge of the CLK that ended the precharge time. These conditions are
true for both Mode 0 and Mode 1.

Refresh

Relevant Mode Bits

RO, R1 RAS low time during refresh and RAS precharge time.

R9 Staggered refresh

Co-3 Refresh clock divider

C4-6 Select 0, 2, 4 is error scrubbing during refresh

External Signal Inputs

ECASG  IfECASD is set low in the Mode Register, the output WE/RFRQ becomes WE. If ECASO is high at this
time, WE/RFRQ will function as refresh request. However, in interleave mode, this output is always
RFRQ.
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External Signal Inputs (Continued)

DISRFSH When high, this signal enables internal refresh, and when low, externally controlled refresh. External
* refresh can also be invoked by the RFSH input.

RFSH Must stay high for internally controlied refresh cycles. If DISRFSH is low, the RFSH input controls the
number of refresh cycles performed, depending on how long it stays low. One refresh cycle is
performed if RFSH is low for a minimum of one CLK period, and then goes high tR1 before the rising
edge of the CLK input that ends the refresh operation.

The Refresh Counter can be cleared with DISRFSH high and RFSH low with the set-up time t21 to CLK

rising edge.
COLINC/ If error scrubbing has been chosen and this input goes high while RAS IS low, the refresh cycle in
EXTDRF progress is extended to allow a read-modify-write cycle for error correction. 'RAS and CAS remain low

until the rising edge of the next CLK input after EXTDRF has gone low again.

Signal Outputs

RFIP This signal goes low one CLK period before RAS goes low, and goes high on therising edge of the CLK
"~ that ends the RAS active cycle.

WAIT/DTACK  If an access is requested during the refresh period, this access is deferred by inserting Wait States until
refresh is complete.

'WE or This output becomes RFRQ in interleave mode. If RFRQ programmed to do so by ECASO, it becomes

RFRQ RFRQ in non-interleave mode. RFRQ goes low when an internal refresh request occurs, and goes high
when the refresh RAS is sserted. RFRQ is activated regardless of internally or externally controlled
refresh.

RASNh This signal goes low after the precharge time of the access in progress, to start the refresh operation. It

is toggled high and low for the number of CLK cycles programmed by RO and R1 in the Mode Register.
AllRAS inputs go low at the same time, or are staggered at one CLK intervals Figure 16) if a staggered
refresh is programmed by Mode bit R9.

The refresh counter (controlled either internally or externally) is incremented at every refresh, on the
rising edge of RASS.

Wait States
Relevant Mode Bits

R2, R3 Wait during non-burst access
R4, R5 Add Wait State(s) to the current access if WAITIN is low.
R7 Select WAIT or DTACK.

External Signal Inputs

ALE Mode 0: WAIT goes low after the rising edge of ALE, if CSislow. IfCSis high when ALE goes high,
then the WAIT output will not be asserted until CS enables the access.

ADS Mode 1: Wait State starts if an access is initiated by ADS going low, provnded that CS is low at set up
time t12.

AREQ If this input goes high, DTACK goes high after a maximum interval of tW3. ‘

ECASn During a non-burst access, ECAS inputs are normally low, unless CASn is delayed from going low.

During burst access, the rising edge of ECASn starts a Wait State while AREQ is low. The Wait State is
terminated as programmed by R4 and RS in the Mode Register. ECASn must stay low tC21 after AREQ
goes high. This ensures that no further Wait State is inserted.
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External Signal Inputs (Continued)

WAITIN Keeping this signal low allows Wait States to be inserted at particular external events, such as read

instructions, or into a portion of memory that requires additional Wait States. WAITIN can be
deasserted one CLK period before WAIT ends and DTACK starts. The active time of WAIT or DTACK is
prolonged by one or two CLK cycles. WAITIN must be low for a setup time of tW01 in Mode 0, and tW11

in Mode 1, and must stay low for a minimum of one CLK period before the Wait State ends.

Signal Outputs

WAIT/DTACK This output is either WAIT or DTACK, depending on the setting of R7 in the Mode Register. WAIT goes
low and DTACK stays high for the programmed number of Wait States. Wait States are inserted if
necessary to meet the RAS precharge time, or to delay access.

There is a precharge counter for every bank. If the RAS precharge time has not elapsed at the expected
number of CLK cycles, WAIT output goes low, or DTACK stays high, to instruct the CPU to insert Wait
States until the precharge time has elapsed.

Wait During Non-Burst Access
The first access of any memory cycle is always a non-burst access.

WAIT ‘Mode 0: WAIT goes low after tW02 and stays low for the programmed number of clock periods after
RAS goes low. CS must meet the set-up time before the rising edge of CLK. WAIT is delayed from
going low until CS goes low. It stays high if zero Waits states are programmed. lf WAITIN goes low at
tWO01 before the rising edge of CLK, one or two extra Wait States are inserted, depending upon the
setting of R6 in the Mode Register.

Mode 1: WAIT goes low after the ‘CS set up time to ADS low’ of tW13, and stays low for the
programmed number of Wait States after RAS goes low. It stays high if zero Wait States are
programmed. If WAITIN goes low tW11 before the falling edge of ADS, one or two extra Wait States are
inserted. WAIT does not go low when ADS goes low, if an access does not start (that is if CS is high.)

DTACK Mode 0: DTACK stays high for the programmed number of clock cycles of RAS goes low. It switches
to high a maximum interval of tW3 after AREQ goes high. If WAITIN goes low tW01 before the rising
edge of the CLK which starts the access, DTACK stays high for one or two extra CLK cycles,
depending upon the setting of bit R6 in the Mode Register.

Mode 1: DTACK stays high for the programmed number of CLK cycles after RAS goes low. It goes
high tW3 after AREQ goes high. If WAITIN goes low tW11 before the rising edge of CLK, DTACK will
stay high for one or two additional CLK cycles, depending upon the setting of bit R6 in the Mode
Register.
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PACKAGE DIMENSIONS

The Samsung KS84CXX DRAM Controllers are available in two packages. The KS84C21 68-Pin PLCC package is
shown in Figure 17, while the 84-Pin version is shown in Figure 18.
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Figure 17. 68-Pin PLCC Package - Figure 18. 84-Pin PLCC Package

ORDERING INFORMATION AND PRODUCT CODE

KS 84CXX _)9_( X X

SAMSUNG Packaging
SEMICONDUCTOR L — Plastic Leaded Chip Carrier
(PLCC)
Part Number
84C21
84C22 ! Temperature
C — Commercial (0°C to +70°C)
Speed
-25 25MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.
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KS84C31/32

ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary

FEATURES

e 33MHz operation
o Direct drive for 256K, tMbit and 4Mbit DRAMs

o No wait state operation with 66 MHz 80386 or
similar CPU’s

¢ 68030/68040 interface, fast cache fill mode

o Page, nibble and static column accesses

e Page switch detection

¢ Interleaved or non-interleaved accesses

o Fast Nibble access

e Programmable or mask-programmed versions

o Programmable refresh operations

o Staggered and burst refresh

o Refresh operations virtually transparent to the CPU
e Programmable wait states

¢ Byte operation with four independent CAS outputs
o Easy interface to all major microprocessors

o Built in delay line

e Synchronous and asynchronous operation

e On-chip capacitive load drivers

~ o CMOS technology for low power consumption

o TTL-compatible inputs

e 68-pin PLCC package (KS84C31)
o 84-pin PLCC package (KS84C32)
Figure 1. KS84C31/32 Block Diagram

PRODUCT OVERVIEW

The Samsung KS84C31 and KS84C32 are high perform-
ance dynamic RAM (DRAM) controllers. They simplify
the interface between the microprocessorand the DRAM
array, while also significantly reducing the required
design time. The KS84C31 supports the 256K DRAM
and the 1MBit DRAM, while the KS84C32 supports the
256K DRAM, 1MBit DRAM and 4MBit DRAM.

Both devices are functionally enhanced versions of their
84C21/22 counterparts. They are available in either
externally programmable or masked programmable ver-
sions. The externally programmable version is an eco-
nomic and flexible design solution for small-scale appli-
cations and prototyping. A 26-bit programmable Mode
Register allows the selection of various options and
features, including synchronous or asynchronous oper-
ation; interleaved or non-interleaved operation; burst or
non-burst access; insertion of Wait States into the CPU
cycle; avariety of refresh options; as well as the ability to
fine tune the control signats. Two CPU’s namely the
68030 and 68040 are directly supported.

A mask-programmed version of the chip offers the same
Mode Register options. However, the chip is programmed
at the factory to customer specifications. This version
offers maximum system reliability and eliminates the
need for external logic.

Both chips have a drive capability of 380 pF, sufficient to
drive large memory arrays. Several hundred DRAMs
may be driven if damping resistors are used to control
ground bounce.

Figure 1 shows a block diagram of the chips.
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INTERFACE SPECIFICATIONS

The Dynamic Ram Controller is available in two pack- KS84C32, shown in Figure 3is an 84-pin device designed
ages. The KS84C31, shown in Figure 2 is a 68-pin device for use with the 266K DRAM 1 and 4Mbit DRAM.
and supports the 256K DRAM and 1Mbit DRAM. The

Figure 2a. Pin Configuration of the KS84C31 DRAM Controlier
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Figure 3. Logic Symbol
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Table 1 shows detailed pin allocations for the KS84C31, while Table 2 shows the KS84C32. Table 3 provides the
input/output signal definitions.

Note on Conventions:
A bar over the signal name is used to denote an active low signal (ADS). Active high signais are shown with no bar (ALE).

Table 1. KS84C31 Pin Allocations

Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vec Vee 35 [Vec Vee
2 Q5 Multiplexed Address 5 36 RFRQ/WE Refresh Request/Write Enable
3 |Vgg Vss CBACK Cache Burst Acknowledge
4 Q6 Multiplexed Address 6 37 |Vss Vss
5 Q7 Multiplexed Address 7 38 |RASO Row Address Strobe 0
6 Q8 Multiplexed Address 8 39 |RAST Row Address Strobe 1
7 Q9 Multiplexed Address 9 40 |RAS2 Row Address Strobe 2
8 RO Row Address 0 41 RAS3 Row Address Strobe 3
9 Cco Column Address 0 42 |CASO Column Address Strobe 0
10 [R1 Row Address 1 43 |CASt Cotumn Address Strobe 1
1 {C1 Column Address 1 44 |CAS2 Column Address Strobe 2
12 R2 Row Address 2 45 CAS3 Column Address Strobe 3
13 |C2 Column Address 2 46 |WIN Write Enable input
14 |R3 Row Address 3 47 |AREQ Access Request
15 |C3 Column Address 3 48 |CS Chip Select
16 |R4 Row Address 4 49  |Veo Vee
17 |C4 Column Address 4 50 [PMISS Page Miss
18 [R5 Row Address 5 51 Vss Vss
19 |C5 Column Address 5 52 ML Mode Load
20 |R6 Row Address 6 53 |Vss Vss
21 C6 Column Address 6 54 |EXTDRF Extend Refresh
22 R7 Row Address 7 CBREQ Cache Brust Request
23 |C7 . Column Address 7 55  |Vee Vee
24 R8 Row Address 8 56 CLK Clock
25 c8 Column Address 8 57 RFCLK Refresh Clock
26 |R9 Row Address 9 58 |DISRFSH Disable Internal Refresh
27 |C9 Column Address 9 59 |RFSH External Refresh Request
28 |ECASO Enable CASO 60 |WAITIN Add Wait State
29 |ECAS1 Enable CAS1 61 |RFIP Refresh in Progress
30 |ECAS2 Enable CAS2 62 |WAIT/DTACK |Wait/Data Transfer
31 |ECAS3 Enable CAS3 Acknowledge
32 B0 Bank Select 0 63 Qo Multiplexed Address 0
33 B1 Bank Select 1 64 Q1 Multiplexed Address 1
34 |ALE/ADS Address Latch Enable/ 65 |2 Multiplexed Address 2
Address Strobe 66 |Q3 Multiplexed Address 3
67 |Vss Vss
68 Q4 Multiplexed Address 4
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ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary
Table 2. KS84C32 Pin Allocations
Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vee Vee 43 |RFRQ/WE Refresh Request/Write Enable
2 Q5 Multiplexed Address 5 CBACK Cache Burst Acknowledge
3 |Vss Vss 44 |Vss Vss
4 Qé Multiplexed Address 6 45 | RASO Row Address Strobe 0
5 |Q7 Multiplexed Address 7 46 |RAST Row Address Strobe 1
6 |Q8 Multiplexed Address 8 47 |RAS2 Row Address Strobe 2
7 |Q9 Multiplexed Address 9 48 |RAS3 Row Address Strobe 3
8 Q10 Multiplexed Address 10 49 CASO Column Address Strobe 0
9 |RO Row Address 0 50 |CAS1 Column Address Strobe 1
10 |— N.C. 51 |CAS2 Column Address Strobe 2
1 |— N.C. 52 |CAS3 Column Address Strobe 3
12 — N.C. 53 |— N.C.
13 |CO Column Address 0 54 |WIN Write Enable Input
14 |R1 Row Address 1 55 |AREQ Access Request
15 |{C1 Column Address 1 56 |— N.C.
16 R2 Row Address 2 57 — N.C.
17 |C2 Column Address 2 58 |CS Chip Select
18 |R3 Row Address 3 59 |Vee Veo
19 |[C3 Column Address 3 60 [PMISS Page Miss
20 R4 Row Address 4 61 Vgs Vss
21 |ca Column Address 4 62 |ML Mode Load
22 RS Row Address 5§ 63 Vss Vss
23 |C5 Column Address 5 64 |Vgg Vss
24 R6 Row Address 6 65 EXTDRF Extend Refresh
25 |C6 Column Address 6 CBREQ Cache Burst Request
26 |R7 Row Address 7 66 |Veoco o
27 |C7 Column Address 7 67 |CLK Clock
28 |R8 Row Address 8 68 |RFCLK Refresh Clock
29 |C8 Column Address 8 69 |DISRFSH Disable Internal Refresh
30 (RO Row Address 9 70 jRFSH External Refresh Request
31 Cc9 Column Address 9 4 WAITIN Add Wait State
32 |— N.C. 72 |RFIP Refresh in Progress
33 |R10 Row Address 10 73 |— N.C.
34 |C10 Column Address 10 74 | — N.C.
35 ECASO Enable CASO 75 — N.C.
36 |ECAS1 Enable CAS1 7% |— N.C.
37 |ECAS2 Enable CAS2 7 = N.C.
38 |ECAS3 Enable CAS3 78 |WAIT/DTACK |Wait/Data Transfer Acknowledge
39 BO Bank Select 0 79 Qo Multiplexed Address 0
40 B1 Bank Select 1 80 (@) Multiplexed Address 1
41 |ALE/ADS Address Latch Enable/ 81 |Q2 Multiplexed Address 2
Address Strobe 82 |Q3 Multipiexed Address 3
42 |Vee Vee 8 |Ves. Ves
84 |Q4 Multiplexed Address 4
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Table 3. Interface Signal Definitions

Note: lindicates aninputsignal. O indicates an output signal. Timing notations (t,,) etc. are referenced to the timing diagrams at the end of the
product description.

Symbol Type Description

ADS/ALE | Address Strobe/Address Latch Enable: This input latches row, column and bank addresses,
and initiates DRAM access. CS must be low to initiate an access.

ADS/ALE must be invoked for every access burst or non-burst but only for the first access
in 68030 or nibble mode. '

In Mode 0: This input functions as address latch enable ALE.

In Mode 1: Thisinput is active low, and functions as address strobe signal. The falling edge
of ADS also starts an access, if CS is low for the set-up time tyo.

(Mode is selected by Bit B1 in the Mode Register. See PROGRAMMING THE KS84C31/32.)

AREQ - | Access Request: This input terminates an access. In non-interleave mode: it brings RAS

high. In interleave mode: it brings CAS and RAS high.
BO, B1 | Bank Select: These inputs are bank addresses, and allow one of up to four memory banks to

be selected. Selection depends upon how C4, C5 and C6 in the Mode Register are set.

C0-9, 10 | Column Address Inputs: These column address bits are usually connected to the high
order address bits of the microprocessor. They select columns in the DRAM cell
configuration. CO-C9 are also used to program the Mode Register.

CAS0-3 [e] Column Address Strobe: These inputs strobe the column address. They go low after the
programmed Column Address Set-up time of 0 or 10ns. In 68030 and Nibble Mode CASs
are switched for the burst access at the rising/falling edge of CLK.

CLK | Clock: This is the system clock. It is used for bus arbitration and timing purposes.
Synchronous access requests must be synchronized with the system clock. The duty cycle
is significant if 1/2 Wait State is programmed and in Nibble Mode.

Ccs | Chip Select: The CS input must be low to enable a DRAM access and to strobe Row column
and Bank address. There is a pre-access setup time. In Mode 0 this is the rising edge of
CLK, and in Mode 1 the falling edge of ADS. CS must enable every access in non-
interleaving, interteaving or page access. It has to enable only the first non-burst access in
68030 and Nibble Mode.

EXTDRF | Extend Refresh: During refresh, EXTDRF extends a refresh cycle, to allow a read-modify-

write cycle to be performed in a system with error correction. See ERROR SCRUBBING.
CBREQ I | Cache BurstRequest: This input is compatibie to the CBREQ output of the 68030 if ECAST
in the Mode Register is set to ‘1’ (68030 Mode).
DISRFSH | Disable Internal Refresh: When low, this input disables Internal Refresh.
ECAS0-3 | | Enable CAS0-3: These inputs are used to enable or disable individual CAS outputs, or delay

CAS from going low. They are useful when accessing bytes, nibbles or pages.

ECASO0-3 also programs output WE (RFRQ), sets the trailing edge of CAS, and selects
68030 and Nibble Mode. See PROGRAMMING THE KS84C31/32.
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Table 3. Interface Signat Definitions (Continued)

Symbol Type : Description

ML | Mode Load: This input latches the row, column, ECAS0-3 , and bank address inputs into the
Mode Register.

Q0-9, 10 (0] Address Outputs: These outputs are the multiplexed address bits (R0-10, C0-10). They
access the memory for read, write and refresh operations. The output load may be as high
as 380pF.

RO-9, 10 | Row Address Inputs: These address inputs are usually connected to the low order address

bits of the microprocessor. They select rows in the DRAM cell configuration.

RAS0-3 O Row Address Strobe: These row address strobe signals are used to strobe the row
addresses into the DRAM.
RFCLK | Refresh Clock: This input determines the timing of the refresh cycles for the DRAMSs. It

should be a multiple of 2MHz. It is divided according to bits CO, 1, 2, and C3 in the Mode
Register, so that the refresh cycles occur at 15us or 13us intervals.

RFIP (o] Refresh in Progress: This output indicates that a refresh cycle is in progress. RFIP goes low
one CLK cycle prior to the start of a refresh cycle.

RFSH | External Refresh Request: Refresh cycles can be requested externally by driving the RFSH
signal low.

WAITIN | Add Wait State: If this input is low, one or two extra Wait States will be added to the access

cycle at an external event, e.g. memory read.

WAIT/DTACK 0 Wait/Data Transfer Acknowledge: This output inserts Wait States into CPU access cycles.
The output is controlled by bits R2, R3, R4, R5 and R7, in the Mode Register.

‘WE/RFRQ O | Write Enable/Refresh Request: After Power up reset and in interleave mode, this output
functions as refresh request. In non-interleave mode it can be programmed to function as
the WE output if ECASO is low in the Mode Register.

CBACK (0] Cache Burst Acknowledge: This output is compatible with the CBACK input of the 68030 if
ECAS1 in the Mode Register is set to ‘1.
PMISS (0] Page Miss: If Page Mode is programmed this output goes high if a page change has been

detected or when a refresh request has occurred for the 5th time. It stays high until the page
address has been latched into the DRAMs. This signal is asserted during the precharge
period and can be used to add wait states for non-burst access.

WIN | | Write Enable Input: This input controls the WE output, and defays CAS, if programmed to
do so by bit C9 in the Mode Register.
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KS84C31/32 OPERATION

Introduction

The KS84C31/32 are Enhanced Dynamic Ram Controllers
(also called EDRC in the following) that are built on the
proven KS84C21/22 architecture with some upgrades
that improves the access to dynamic RAMs by cutting
the access time and make it suitable for cache applica-
tions. The additional features supported are a page
access to random pages (static column or standard page
access) and fast nibble access. The 68030 is supported
by a 68030 mode. Other CPUs or cache controllers can
utilize the fast nibble access mode by a specially build in
Nibble Mode. ’

Reset
Power Up Reset

The KS84C231/32 on-chip power-up reset logic gener-
ates a reset pulse:

e At power up;

o If Vg falls well below +3.0V, and reaches Vg min.
(Short spikes below the minimum Vg will not reset
the chip. However, correct functionality is guaranteed
only within the operating conditions.)

When the chip is reset, all internal flip-flops, counters,
and the Mode register are reset, and the output lines are
inactive: RAS0-3, CAS0-3, WAIT (DTACK), RFIP, WE
(RFRQ/CBACK) and PMISS are high, while Q0-9, 10 are

low. Note that there are no tri-state buffers on any of the -

outputs.

The chip does not need any time to synchronize after
power up, it is operable after 200 microseconds, as
required by most DRAMs.

After power-up reset, the Mode Register must be repro-
grammed in the programmable version of the chip.

External Reset

The Mode Load signal (ML) can also be used to reset the
chip. When ML is driven low, all counters and flip-flops
are reset, and the Mode Register is enabled to receive the
mode bit inputs.

ENHANCED DYNAMIC RAM CONTROLLERS

Préliminary

Programming the KS84C31/32

The KS84C31/32 has a Mode Register that can: be
programmed by the user, or mask-programmed at the
factory. The outputs from the register control the internal
program modes.

Mode Register

Figure 4 shows data flow to and from the Mode Register.

Figure 4. Mode Register Data Flow

RO-9

co-9 ADDRESS N
— ™| wavches | A

B0, 1 REGISTER
|

ECAS0-3

CONTROL
LOGIC

The Mode Register receives inputs from the CPU on the
address lines: Row addresses R0-9, Column address
C0-9, and Bank addresses B0, B1 and ECAS0-3. These
bits are loaded into the Register when Mode Load (ML)
goes low. Alternatively, the Mode Register may be
programmed by initiating a ‘dummy’ access, as shown in
the Mode Load Timing Characteristics (Figure 11, AC
Switching Characteristics). ML, CS and AREQ are
asserted, the addresses are loaded into_the Mode
Register on the falling edge of AREQ, while ML and CS
are low, or when ML goes high (whichever occurs first).

It is necessary to program the chip after power up, and
before using it in normal operation. The inputs to the
register are encoded to control a variety of functions, as
shown in Table 4. Note that inputs R10 and C10 of the
KS84C32 do not program the Mode Register.
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ENHANCED DYNAMIC RAM CONTROLLERS
Preliminary

Table 4. Programming the Mode Register

RAS LOW AND RAS PRECHARGE TIME

RO, R1

These bits control the period of time that RAS is low during refresh operations, and also determine
the guaranteed RAS precharge time. The time interval shown (T) is equivaient to one Clock (CLK)
cycle.

RO | R1 RAS Low Time RAS Precharge Time
0 0 2T 1T
0 1 2T 2T
1 0 3T 2T
1 1 4T 3T

WAIT OR DTACK GENERATION FOR NON-BURST MODE ACCESSES

R2, R3, R7

These bits control the WAIT or DTACK generation modes for R7 non-burst accesses. Bit R7 is set to
select either WAIT or DTACK type of output. The time interval shown (T) is equal to one rising clock
while 2T means a falling clock edge.

WAIT High from WAIT High from Access o

Access RAS Low. RAS Low, After DTACK Low from
R7 | R2 | R3 Non-delayed Access Delayed Access RAS Low
0 0 No wait states aT —
0 1 No wait states 12T O —_
0| 1 0 12T 7 12T L —
0| 1|1 1T A T A —
1 0 0 — — oT
110 |1 — — 12T U
1 1 0 — — 1T ra
111 — — 1-1/2T /L

WAIT OR DTACK GENERATION FOR BURST MODE ACCESSES

R4, R5

R4 and R5 Control WAIT or DTACK generation modes during burst mode accesses. T is counted
from burst access start.

R4 | RS
0 0

Condition

WAIT stays high and DTACK stays low from previous access. 2T or 1T wait
states must be programmed for Nibble or 68030 Mode.

No wait states.

WAIT goes high on the falling edge of the next CLK after CAS goes low or
access start.

0|1 |12T

1 0 | 1T A WAIT goes high on the rising edge of the next CLK after CAS goes low.

DTACK goes low one CLK cycle after CAS or access start.
WAIT(DTACK) foliows CAS.

1 1 | 0T
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Table 4. Programming the Mode Register (Continued)

ADDS WAIT STATE

R6

R6 adds wait states to the current access if WAITIN is low.

R6 Condition
0 | Hold WAIT low (DTACK high) for one extra clock period.
1 | Hold WAIT low (DTACK high) for two extra clock periods.

INTERLEAVING

R8

R8 Determines whether the DRAM is accessed in interleaved or non-interieaved mode.

In interleaved mode, the row addresses are multiplexed to the DRAM controller address outputs,
after the column addresses have been held for a sufficient time (25ns minimum) after CAS has gone
low. '

In non-interleaved mode, the column addresses are held on the DRAM controller address outputs
until CAS goes high.

0 | Interleaved mode

1 Non-interleaved mode

STAGGERED REFRESH OPERATIONS

R9

R9 determines whether the refresh operation is standard, or staggered.
During a standard refresh cycle, all RAS outputs will be asserted and deasserted at the same time.

In staggered refresh operations, the RAS outputs will go low in sequence, at one clock intervals.
One or two RAS outputs are selected at a time, depending upon the RAS/CAS configuration
selected by the setting of C4-C6. There is no error scrubbing during this type of refresh.

R9
0 | Standard refresh

1 Staggered refresh

RFCLK DIVIDER

Co, C1, C2-

These bits allow the user to select the divider for the refresh clock input (RFCLK), from which the
internal REFRESH clock is generated. Select divider such that the result is an approximately 2MHz
clock (REFRESH).

Cco | Ct | C2

0 0 | Divide by 10
0 1 | Divide by 6

0 0 | Divide by 8

0 1 1 | Divide by 4

1 0 0 | Divide by 9

1 (¢} 1 Divide by 5

1 1 0 | Divide by 7

1 1 1 Divide by 3
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Table 4. Programming the Mode Register (Continued)

ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary
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REFRESH CLOCK DIVIDER
Cc3 C3allows the user to divide the internal refresh clock (REFRESH), to get the required refresh cycle
time.
C3
0 | Divide by 30. Divides the internal REFRESH clock (usually 2MHz) by 30, to produce a refresh
clock period every 15 microseconds.
1 Divide by 26. Divides the internal REFRESH clock (usually 2MHz) by 26, to produce a refresh
clock period every 13 microseconds.
RAS AND CAS CONFIGURATIONS
C4, C5, C6 These bits, in conjunction with BO and B1 control the RAS and CAS configurations. There are four
and four CAS outputs, that can be grouped so that each RAS and CAS will drive one fourth of the
array, regardless of whether the array is arranged in 1, 2 or 4 banks. The setting of these bits also
determines whether error scrubbing and interleaving can be supported.
Error Support
C4a | C5(Cé RAS and CAS Configuration Modes Scrubbing | Interleaving
0 0 0 | RASO-3 are brought low during an access. CAS0-3 are all Yes No
selected during an access but only those enabled by the
corresponding ECAS can go low. BO and B1 are not used.
0 0 1 | RAS groups are selected by B1. No No
BO is not used. All CAS outputs |B1.| B0
are selected, making th,s moqe 0 | — |RASO, 1
useful for byte writing via
ECASO-3inputs and the CAS0-3 — |RAS23
outputs.
0 1 0 | RAS, CAS pairs selected by BO Yes Yes
and B1. A particular CAScannot |B1 | B0
ﬁ:ﬂlow unless its ECAS is also olo WO and GAS0
0 | 1 |RAS1 and CAS1
1 | 0 |[RAS2 and CAS2
1 | 1 |RAS3 and CAS3
0 1 1 | RASn is selected by BO and B1. No No
CAS outputs are selected with |B1 | B0
the qorresgondmg ECAS input, o | o |RAS0
making this mode useful for
byte writing via ECAS0-3inputs | 0 | 1 |RAS1
and the CASO0-3 outputs. 1 | o |RAS2
1 | 1 [RAS3
1 0 0 | RAS, CAS groups selected by Yes Yes
B1. A particular CAS cannotgo |B1|B0O
low untess its ECAS is also low. o — EOI 1 and
CASQO, 1
1 | — |RAS2, 3 and
CAS2, 3
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Table 4. Programming the Mode Register (Continued)

RAS AND CAS CONFIGURATIONS (Continued)

Error Support

C4 | C5 | Cé RAS and CAS Configuration Modes Scrubbing | Interleaving
1 0 1 | RAS, CAS groups are selected No Yes
by B1. A particular CAS cannot |B1|B0
go low unless its ECAS is also ™| |RAS0. 1 and
low. CAS0, 1
1 | — |RAS2, 3 and
CAS2, 3
1 | 1 | 0 | RASO-3 and CAS0-3 are all selected during an access. This No -~ No

mode is useful for byte writing via ECAS0-3 inputs and the
CASO0-3 outputs. BO and B1 are not used.

1 | 1 | 1 | RASnand CASnareselected by No Yes

BO and B1. A particular CAS (B1|B0
f:annot go low unless its ECAS 0 | 0 |RAS0 and CASO
is also low.
0 | 1 |RAS1 and CAS1
1 | 0 |RAS2 and CAS2
1 | 1 |RAS3 and CAS3
COLUMN ADDRESS SETUP TIME SELECTION
c7 C7 allows the user to select a minimum guaranteed setup time (tagc) for the column address inputs.
Cc7
0 | Selects 10ns setup time.
1 | Selects Ons setup time.
ROW ADDRESS HOLD TIME SELECTION
C8 C8 allows the user to select a minimum guaranteed hold time (tgan) for the row address inputs.

cs
0 | Selects 20ns hold time.
1 Selects 12ns hold time.

DELAY CAS DURING WRITE ACCESSES

Cc9 C9allows the user to delay CAS during write operations. If no delay is selected, CAS is treated in the
same way for read and write operations. If delay is selected, CAS is delayed for one rising clock
edge after RAS goes low.

c9
0 | No delay.

1 Delay selected.
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Table 4. Programming the Mode Register (Continued)

ADDRESS LATCH

BO BO allows the user to decide whether address inputs should be latched by ADS/ALE, or whether the
address latches should be permanently transparent and merely allow passage of the address inputs.

BO Note: If ECAS2issetto ‘1’ (Page Mode) in the Mode Register,
0 | Address bits latched. thenthe wa Address is alwgys latched independent of
BO. For static column operation, BO can be setto ‘1’ or ‘0",

Address latches transparent.

ACCESS MODES

B1 B1 allows the user to select either synchronous or asynchronous access modes.

In Mode 0 (synchronous), access is controlled by the system ciock, and the access RAS is initiated
on the rising edge of the first clock input after ALE goes high. AREQ is used to hold RAS low during
access.

In Mode 1 (asynchronous), the leading edge of ADS initiates access immediately, and the rising
edge of AREQ terminates RAS.

B1
0 | Access Mode 0 (synchronous)

1 Access Mode 1 (asynchronous)
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PROGRAMMING THE KS84C31/32

User

Selection INTERNAL PROGRAMMING MODES

ECASO CAS DELAY

0 CAS outputs are negated when AREQ goes high.

1 CAS outputs stay low till the next rising edge of CLK after RAS is deasserted by AREQ.

ECAS1 68030 MODE

0 Non 68030 mode (default)

1 68030 Mode: This mode supports the fast synchronous cache fill of the 68030. The handshake
signals CBREQ and CBACK on pin 54 and 36 (pin 65 and 43 on KS84C32) can be connected
with the corresponding 68030 signals. .

ECAS2 PAGE MODE

0 Non Page Mode (default) _

1 Page Mode/Static Column Mode: Non Interleave. The Row Address is strobed according the
setting of BO of the Mode Register into the Row Address Latch. If the address is different from
the previous one then the output signal PMISS is asserted when an access is requested.
Individual CASs can be select by the corresponding ECAS inputs. See Page Mode.

ECAS3 NIBBLE MODE

0 Non nibble mode (default)

1 Nibble Mode: In this mode up to 4 access cycles can be performed without precharging the
rows. CAS stay low for min one clock period during the nibble access after DTACK did go low.
CAS stays high T period for the CAS precharge time.

AREQ going high ends the burst access at any time.
Anindividual CAS output can be disabled with the corresponding ECAS input for byte access.

Access Modes

The KS84C31/32 supports both synchronous and asyn-
chronous operations. The user can select the mode
most suited to the microprocessor with which the DRAM
is interfacing, by means of bit B1 in the Mode Register.

Mode 0 — Synchronous Access

Mode 0 is selected when B1 = 0. To initiate a Mode 0
operation, ALE must pulse high tgo before the rising
edge of the clock input (CLK). Provided that the chip
select signal (CS) has been established at ty; before the
rising edge of the next CLK input, access will start on the
rising edge of that CLK. The Address register will be
reloaded only if there is an access started with CS low
before the rising edge of CLK.

Since ALE is high, the address latch is transparent to the
address inputs, and, if the chip is programmed in

Address Latch Mode (BO = 0), the latch stores the
address bits that were present one setup time (tgg)
before the high-to-tow transition of ALE. If the chip is not
in Latch Mode (BO = 1), the address inputs have to meet
the setup time of tgs to the rising edge of CLK, to make
sure that the row address bits are on the Q output when
row address strobe (RAS) is asserted.

Mode 1 — Asynchronous Access

Mode 1 is selected when B1 = 1. To initiate a Mode 1
operation, CS must be low for to before ADS goes low. If
the chip is programmed in Address Latch Mode, the
address latch stores the address that was present one set
up time ty4 before the high-to-low transition of the ADS
signal. In order to latch the R/C/Binputs into the address
latches, CS must be low. The address is strobed with the
start of an access at the falling edge of ADS. The address
latches are transparent while ADS is high.
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Access Features

The KS84C31/32 features a number of different access
methods to DRAMs that improve either the cycle time or
the RAS/CAS access time. The data throughput and
therefore the CPU performance can be greatly enhanced
by utilizing these features.

The KS84C31/32 support both interleaved and non-
interleaved memory operation. Interleaving is controlled
by the R8 input to the Mode Register.

Non-interleaving

When R8is setat 1, the chip does not support interleaving.
The address lines from the microprocessorare connected
to the Row (R), Column (C), and Bank (B) inputs of the
KS84C3t. BO and B1 (bank address bits) may be
connected to the most significant or the least significant
address bits.

Access starts in Mode 0 if ALE pulses high g before the
edge of the CLK input. In 1, access starts when CS
remains low for tyo before the falling edge of ADS. In
both cases, access is terminated when AREQ goes high,
terminating RAS. CAS goes high or stays low until the
rising edge of the next CLK, as programmed by ECASO.

Interleaving

With R8 set at 0, the chip supports interleaved accessing
of the DRAM. This is a way of reducing access cycle
time. In interleaved mode, access cycles (read or write)
are overlapped, so that before an access cycle is
completed in one memory bank location, another access
may be started in a different memory bank. Since the
precharge time of most DRAMs is between 80 and 100
nanoseconds (about the same length as tgag), inter-
leaving can save up to 50% of cycle time.

Memory accesses can only be overlapped in physically
separated banks of memory, and may occur during
precharge time.

Interleaving can take place in either Mode 0 or Mode 1.

Performance is enhanced if consecutive accesses are
made to different memory banks by hiding the precharge
time in the access of subsequent access cycles. The
KS84C31/32 supports access to up to 88 DRAMs,
arranged in up to four banks, each containing 16
memory devices for data and 6 for error correction. The
bank address bits, BO and B1 are the least significant
bits, as seen by the CPU. The KS84C31/32 ensures that
the DRAM will be precharged for the programmed
number of CLK cycles by inserting Wait States. The

precharge counter, as programmed by RO and R1, keeps
track of the CLK input, and after reaching the pro-
grammed number, the rising edge of the CLK input is
used to complete the current cycle. The precharge
counter starts with the rising edge of the first CLK input
(which is counted as 1T) that occurs after the low-to-
high transition of AREQ. Thereis a required setup time
to the rising edge of CLK of tgos.

Static Column Access

In order to perform a static column access to a DRAM,
the KS84C31/32 has to be programmed for Page Mode
operation. The row address will be latched and compared
with the row address of the previous address and
validated at the time of the access start which is either
the rising edge of CLK after ALE goes high (access
mode 0) or the falling edge of ADS (access mode 1). The
Column Address Latch can be in fall through or latch
mode. A change of the row address will assert the output
PMISS (page miss) and the current access cycle will be
terminated. After the DRAM has been precharged, the
pending access will be executed by asserting the RASn
and CASn outputs. A full RAS/CAS access by deasserting
AREQ must be invoked after maximum 100us according
to the DRAM specs for maximum RAS pulse width. (See
Forced Refresh).

ECAS inputs must also be low inorder to enable the CAS
outputs. Wait states for the burst access are counted
from the time the access starts.

Page Access

The conventional page access works similar to the static
column access with the difference that the columns have
to be precharged by bringing CAS high. As with static
column operation, the KS84C31/32 has to be pro-
grammed for Page Mode operation. A CASn output
must be deasserted by an ECASn input. The column
address latch becomes transparent while ADS/ALE is
high not when ECAS goes high. ECAS can be connected
to the ALE signal. CASn will be asserted by the ECASn
input. In case of a page miss or after the 5th internal
refresh request, PMISS will be asserted and the access
should be terminated by feeding PMISS back to AREQ
input.

A wait state during the burst access is terminated with
the falling edge (1/2T) or the rising edge (1T) of CLK
after the access starts. That means ECAS has no
influence on the wait state termination except if 0T is
programmed. In this instance DTACK follows CAS.
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Forced Refresh

The RAS pulse width taagc of most DRAMs is limited to
100 us. The KS84C31/32 will force a refresh after the 5th
internal refresh request which should be every 75us.
PMISS will be asserted allowing to terminate the RAS
cycle. The page access has to be terminated by forcing
AREQ high which in turn willbring RAS, CAS and DTACK
high, (WAIT output low). The deferred 5 refresh cycles
will be performed in a burst refresh to ensure that the
refresh period will not be exceeded. PMISS is high until a
page address has been strobed into the DRAMs.

68030 Mode

The KS84C31/32 can be interfaced with a 68030 CPU
with minimum interface logic requirement if the Mode
Register ECAS1 has been loaded with ‘1’ (default is ‘0’).
The interface provided takes advantage of the fast nibble
mode access for filling the cache of the 68030 which isa
synchronous operation terminated with STERM. STERM
can be connected to DTACK output of the KS84C31/32.
CBREQ (Cache Burst Request) and CBACK (Cache
Burst Acknowledge) of the 68030 can be connected to
the corresponding signals of the EDRC.

Note: If 68030 mode is programmed then Error Scrub-
bing is not supported.

An access is initiated by loading the address A2-A22(24)
into the address latch of the KS84C31/32. A0 and A1
together with SIZ0 and SIZ1 determine the byte selected.
(See Figure 16, 17).

Thefirstaccess isanon burstaccess and is initiated with
ADS which can be connected to AS of the 68030. RAS
and CAS are asserted based on the internal delay line. If
CBREQ is asserted, the KS84C31/32 responds by
acknowledging the request with CBACK at the time
DTACK is going low. If the CPU scans a low on STERM
input (which is connected to DTACK output) at the rising
edge of CLK, it will latch the data at the next falling edge
of CLK. At this falling edge, CAS will go high.

Burst Access:

The CAS precharge time is 1/2T of the CLK. The CAS
low time depends on the programmed state of R4 and
RS. If 1T of wait state is programmed, DTACK will be high
until the next rising edge of CLK after CAS goes low. If
1/2 is programmed then DTACK ends with the falling
edge which accounts for 1T. tycp is always a 1/2 clock
cycle. After DTACK goes Low, the DRC counts one
rising edge of CLK. At this time DTACK will be deasserted.
At the next falling CLK edge, and CAS will be deasserted
again. There is a minimum hold time of CLK to CAS high
in order to assure sufficient data hold time.

This sequence continues until CBREQ goes high. The
last nibble access is determined by the signal CBREQ. If
this signal goes high, CBACK will be negated and one
more nibble access will be performed. The RAS outputis
negated at AREQ rising edge which can be AS of the
CPU. AREQ can terminate the nibble access at any time.

DTACK follows CAS if OT is programmed. (R4 =1, R5 =
1). The Mode setting, No wait state R4 = 0, RS = 0 is nat
allowed. A minimum of 1/2T or 1T must be programmed.

Asynchronous operation of the 68030 is also supported.
In this mode, the 68030 operates like a 68020 and the
KS84C31/32 should be programmed either in interleave
non-interleave or page mode.

Nibble Mode

One of the fastest possible access modes is the nibble
access that allows access to up to 4 memory locations
without having to supply the column address and with
only one RAS precharge period. This type of access,
though very fast, is not used commonly. The reason for
that is the interface overhead required to generate the
proper timing for the nibble access and the availability of
nibble mode DRAMs. With the advent of cache controller
and CPUs with cache memory on chip, the nibble access
is the preferred method to fill the cache. One example is
the 68040 which works best with nibble access and is
shown in Figure 18, 19).

The first access which is a non burst access is started
with ADS or CLK according to the setting of mode bit B1.
The RAS/CAS arbitration is controlled by the on chip
delay line. Wait states are programmed by R2 and R3.
CAS stays low until the next rising edge of CLK after
DTACK did acknowledge the access. The data should be
scanned at the rising or falling edge of CLK (the 68040
will scan data on the rising edge). DTACK goes high with
the falling edge of CLK.

Burst Access:

A burst access is initiated by CAS going high and CAS
will stay high for a half clock period. DTACK stays high
for the programmed number of wait states start counting
with CAS falling edge. DTACK will stay low until the next
falling edge. The CPU will sample data at the next rising
clock edge. At this edge CAS will be deasserted which
ends the nibble access. There is a minimum CAS hold
time built in in order to guarantee sufficient data hold
time.

IfOT is programmed (R4 =1, R5 = 1), DTACK follows CAS
and CAS is controlled by ECAS input.
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The mode setting R4 = 0, RS = 0 may not be used in
nibble mode. This is due to the CAS low time is being
measured from DTACK going low. Since no wait state
are programmed, DTACK would go low only for the
non-burst access and CAS would go high immediately.

The CAS precharge time also can be expanded by dis-
abling CAS from going low with the corresponding ECAS
input or a particular CAS can be disabled for byte access.

The burst can be terminated at any time by AREQ. If this
input is going high, all RASs will go high and stay high
minimal the programmed precharge time. CASs also will
be deasserted but can be delayed from going high till the
nextrising edge of CLK to guarantee sufficient data hold
time (program ECASO to ‘1').

CS has to be low with a setup hold time to the first
access. During consecutive nibble access cycles, CS
may be high.

Delay CAS

An early write cycle to a DRAM is useful if the input data
is not stabie at the falling edge of WE, or if bidirectional
data buffers are used. With this sort of access, WE goes
low before CAS is low. The column address bits and data
are stored in the DRAM latches on the falling edge of
CAS. The data output buffer of the DRAM is tri-stated
during the entire RAS cycle.

To achieve an early write cycle, the CAS output of the
KS84C31/32 can be delayed one CLK cycle, if bit C9 of
the Mode Register is set appropriately. CAS will go low
tcoq after the rising edge of CLK. If CAS has been
delayed in this way, and requires further delay, this can
be done by holding ECASn high, which prevents CAS
from going low.

Conversely, a late write access may be required, in which
WE is asserted after CAS. In this case, the column
address bits are latched into the DRAMs on the falling
edge of CAS and the input data is latched on the falling
edge of WE.

Standard Access Operations

The versatile KS84C31/32 chips support a variety of
DRAM operations. They enable read and write accesses,
in synchronous or asynchronous mode, with or without
interleaving, and in burst or non-burst mode. Typical
operations are illustrated in the timing diagrams at the
end of this Product Description.

Operating Features

DRAM performance is optimized under the control of
the KS84C31/32, as a function of the special operating
features designed into the chips. This section describes
some of the features that enhance DRAM performance.

ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary

Controlling Precharge Time

The precharge time of the DRAM, or the time the chip
takes to restore the data between accesses, negatively
impacts the overall access speed of the memory devices.
Since the DRAM performance is generally trailing CPU
throughput time, the DRAM controller can play an
important role in improving overall system performance.

RAS Low and RAS Precharge Time. RAS precharge
time can be programmed using bits R0 and R1 in the
Mode Register. The prechargetime is guaranteed during
access and refresh. RAS low and RAS precharge times
are counted by the rising edges of the CLK input. Each
bank of memory devices has its own precharge counter.
This is an important feature, since the KS84C31/32
allows memory interleaving of 2 or 4 memory banks.

AREQ must go high at tcos with respect to the rising
edge of the CLK input, to be counted as 1T of the
programmed precharge time. (This means that 1T can
be somewhat less than one clock period.)

The KS84C31/32 inserts Wait States as required, to keep
the CPU and DRAM interactions in step. The system
designer is responsible, however, for making sure that
the appropriate numbers of Wait States are inserted to
keep RAS low for the period of time required by the
DRAM specification.

‘CAS Precharge Time. The ECASn input controls CAS
precharge time during a burst access. The CASn output
is a direct function of the ECASn input.

In 68030 and Nibble Mode, the CAS precharge time is
dependent on the CLK input. Individual CASs can be
enabled/disabled by the corresponding ECAS input.

Wait States

Wait states are required when a relatively slow DRAM is
operating with a fast CPU. The KS84C31/32 generates
the WAIT signal, and sends it back to the CPU instructing
it to insert a Wait State. This means that the CPU will not
look for data prematurely, and during a Refresh operation,
an access is deferred. Bit R7 of the Mode Register must
be set to ‘0’ to instigate this feature.

If the Wait state is not selected, the KS84C31/32 generates
a handshaking signal, DTACK, which is returned to the
CPU to acknowledge transfer of data.

Wait states are counted in terms of CLK cycles. 1T of
wait state means DTACK goes low with the rising edge of
CLK after RAS started the DRAM access by a high/low
transition, or in case of page mode after the burst access
started. ECAS has influence on the WAIT (DTACK)
outputonly if OT (R4, 5 =‘1") is programmed. DTACK will
be high (WAIT low) until the page compare is completed
and no page miss has been detected. WAIT is not
asserted if there is no access to the DRAM.
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Refresh Operations

The KS84C31/32 provide a number of refresh options, as
described below. .

Automatic Internal Refresh

internal refresh is generated by an internal refresh
counter, which keeps track of the refresh intervals, and
also supplies the row address bits required to refresh the
memory area. (Internal refreshis a RAS-only operation.)
The refresh period is selected by bits C0O, C1, C2and C3
of the Mode Register.

The refresh period for most DRAMs is 15 microseconds.
This means that the one megabit DRAM has to be
refreshed every eight milliseconds, during which time,
512 rows must be accessed. This calls for a 9-bit refresh
counter. The KS84C31 has a 10-bit counter, and the
KS84C32 has an 11-bit counter. The extra bits are used
for error scrubbing over the whole address range.

If a refresh is requested by the on-chip Refresh counter,
while an access is in progress, that access is finished
before the refresh cycle is initiated. The next access is
deferred until the refresh cycle is complete. The wait
logic automatically inserts Wait States.

Internal refresh is possible in both interleaved and non-
interleaved modes.

Forced Refresh -

The RAS pulse width tgasc ot most DRAMs is limited to
100 us. The KS84C31/32 will force a refresh after the 5th
internal refresh request which should be every 75us.
PMISS will be asserted allowing to terminate the RAS
cycle by feeding this output back to the AREQ input. The
page access has to be terminated by forcing AREQ high
which in turn will bring RAS, CAS and DTACK high.
(WAIT output low). The deferred 5 refresh cycles will be
performed in a burst refresh to ensure that the refresh
period will not be exceeded. PMISS is high until a page
address has been strobed into the DRAM.

Automatic Internal Staggered Refresh

Staggered refresh, during which the RAS signals are
staggered at one CLK intervals, can be selected by
appropriately setting bit R9 in the Mode Register. This
type of cycle allows the memory area to be refreshed in
two or four refresh operations that are interspersed with
regular memory accesses. Staggering refresh operations
reduces the switching current.

External Controlled Refresh

Refresh operations can be controlled externally and can
be either staggered or non-staggered. As for internal
refresh, the row address bits are supplied by the on-chip
refresh counter. External refresh is a RAS only refresh.

Internal refresh must be disabled by driving DISRFSH
low. RFSH must go low at setup time tgs.

Refresh Request Divider

The refresh request divider (derived from the program-
mable divider asserts RFRQ, if internal or externai
refresh has been selected by DISRFSH.

Clearing the Refresh Counter (Row Address)

The refresh counter is cleared by driving DISRFSH high
and RFSH low, with a setup time of tg to the rising edge
of CLK. This procedure does not invoke a refresh of the
DRAM.

Error Scrubbing

In a system with error correction, transparent error
scrubbing is one method of increasing data integrity. A
full access is performed during refresh, during which
dataand ECC bits are continuously updated and checked,
and random bit errors corrected. The error scrubbing
option is selected by appropriately setting bits C4, C5
and C6 of the Mode Register.

When the KS84C31/32 are programmed for error scrub-
bing, a complete memory access is performed during
the refresh cycle. The 12- or 13-bit internal scrubbing
counter provides the column address bits, and the 10-or
11-bit refresh counter provides the row address bits.
Error scrubbing is done by word, not by byte.

Ifthe error correction circuitry detects an error, the error
is corrected by writing the corrected word to the DRAM
by means of the read-modify-write operation. (The data
is read and checked during the read portion, and
modified/corrected data is written back during the write
portion.)

To enable this type of cycle, EXTDRF must be asserted
while RAS is low. RAS and CAS remain low until the
rising edge of the next CLK, after EXTDRF has gone low
again.

Although the KS84C31/32 control the error scrubbing,
they do not provide the error correction circuitry.
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DC ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

DC Supply Voltage
Temperature Under Bias
Storage Temperature

.......... v All Input and Output Voltage ..... Vgg - 0.5V to +7V
0°C + 70°C Power Dissipation at 33MHz ..................... 0.6W
-65°C to 150°C E S D o e 4000V

Note: |fthe device is used beyond the maximum rating, permanent damage may occur. Operation should be limited to those conditions specified

under DC Electrical Characteristics.

DC Electrical Characteristics (To = 0°C to +70°C, V¢ = 4.5V to 5.5V, Vgg = 0V)

Symbol Parameter Condition Min Typ Max Units
ViH Input High Voltage Tested with limited Test pattern 20 Vect0.5 Vv
ViL Input Low Voltage Tested with limited Test pattern -0.5 0.8 \'
Von1 |Q and WE Outputs loH = -10mA 24 v
VoL1 | Q and WE Outputs loL = 10MA 05 v
Vorz | All outputs except Q and WE |lg. = -3mA 24 v
Voo | All outputs except Q and WE |lg. = 3mA 0.5 v

N Input Leakage Current VIN = Vgg or Vss +10 MA
fitme | ML Input Current VN = Vss 200 uA
lcc1  |Quiescent Current CLK at 33MHz Inputs Inactive 20 mA
lcc2  |Supply Current Inputs Active (I load = 0) 25 mA/MHz
CiNn Input Capacitance fin at 1TMHz 5 10 pF

AC SWITCHING CHARACTERISTICS

Figure 5 shows a typical test circuit, while Figure 6 shows the output drive levels. Figures 7 through 14 provide switching
characteristics for a number of typical KS84C31/32 operations:

Unless otherwise stated Voo = 4.5V to 55V, 0 < Tp < 70°C

Load Capacitance: Q0-Q9, Q10 C_ = 380pF
WE Cy = 500pF
RASO-3, CAS0-3  C = 125pF
All other Outputs C, = 50pF

All minimum and maximum values are measured in nanoseconds.
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CAPACITIVE LOAD SWITCHING
Figure 5. Switching Test Circuit

R [

TEST

"
*tpp SPECIFIED AT C_ = 380pF ALL Q OUTPUTS

Cy = 125pF ALL BUT Q AND PMISS OUTPUT

Cy = 500pF WE OUTPUTS

Ci = 50pF PMiSS OUTPUTS
TYPICAL SWITCHING CHARACTERISTICS
Figure 6a. Output Drive Levels Figure 6b. Simplified Output Driver Schematic

Vee
VOLTAGE WAVEFORMS
3v
INPUT 15V 15V
o
oLy
- tPHL
QUTPUT TO
iy
QuTPUT v LINES

—_— ov

AC Testing inputs are driven at 3.0V for a logic “1” and 0.0V for a logic
“0". Timing measurements are made at 2.4V for a logic “1” and 0.8V
for a logic “0" at the outputs.
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Figure 7. Mode 0 Interleave
ACCESS START

02— le04
ALE Ll ADDRESS LATCH A -
ot :— o
& / |
~»{C22|w—
AREQ / N
06
80, 1
R,'C0-9, 10 X
o5 C2
-
Q0-9.10 RoWw I COLUMN ROW X_cotumn _ X
o7 c3a | C58 c20
1} C12|w— 21| 3T [«—C7.
e e— RAH tasc tean
RASR

08 c17|<— - Cg— |
CASn \

WO!
. L - w5
S ‘ 14— — I<__
N/
-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
01 |CS Low to CLK Rising Edge 10 5 C3 | Row Address Hold Time, 12 1
02 |ALE High to CLK Rising Edge | 15 10 than = 1205
04 | ALE Pulse Width 15 10 C4 |Row Address Hold Time, 20 20
tran = 20ns
05a | Address Set-up to CLK Rising 10 10 -
Edge using the On-Chip Cs t(:olurjlr(; Address Set-up Time 0 0
Address Latch ASC ~ NS
05b | Address Set-up to CLK Rising | 20 20 6 tc°'”’="'; OAdd'ess Set-up Time | 10 10
Edge not using the On-Chip asc = 10ns
Address Latch C7 | CLK Rising Edge to RAS active 35 30
06 |Address Set-up to ALE Falling | 10 10 after delayed access
Edge using the On-Chip C8 |[CLK Rising Edge to CAS active
Address Latch after delayed access
. s [ic a |tgan = 12ns, tagc = Ons 85 80
07 |CLK Rising Edge to RAS Low 35 30 b |tagy = 1205, tasg = 10ns %5 0
08 |CLK Rising Edge to CAS Low C ltpan = 20n8, tagc = Ons 95 90
(non-delayed access) d [tran = 20ns, tagc = 10ns 105 100
a |tgan = 12ns, tasc = Ons 85 80 TOEA W Bio U
b [ta = 1205, fyag = 10ns o pos C12 | AREQ High to RAS High 35 30
¢ [trap = 30ns, tage = Ons 95 90 C17 | AREQ High to CAS High 35 30
d_|than = 30N, tasc = 10ns 105 100 C20 | Column Address Hold Time 25 | 40 | 25 | 40
010 [CS Low aiter access start 10 10 in Interleave
012 | Address Hold Time from 20 |15 | €22 | AREQ High to CLK Rising Edge | 15 10
ALE falling edge using the to recognized as 1T of RAS
On-Chip Address Latch precharge
W03 | CLK Rising Edge to WAIT Low 30 25
W5 | CLK Rising Edge to WAIT High 30 25
WO05 | CLK High to DTACK Low 35 30
0T Programmed
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KS84C31/32 EAHAKCED DTNAMI AU CONTICLLES

Figure 8. Mode 1, Interleave, Address Latch

CLK

—f 11 g — 19—
A0S ADDRESS LATCH AND START ACCESS ) . H ﬁ
12 |- 'q-ﬂo..[
mea |\ /__—_\__/__—
I<1:><-15—>
Bcha 0 A0RT X X X X X XXX X XXX X sooem X XX XXX X
C2
Qo-9,10 ___ ROWn I COLUMN n ROW n X rowm X OLUMN m X
13, ¢34 [[ cs6 , c20 | N ] ]
—— ‘RAM" ! tasc tean N |
RAsn / - \
—»{C12
RASm | W
———— 1§ ———————={
€Asn —\ /
—»(C17
SAsm
— w2z
BIAGK /S N/
=25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
C2 |Address to Q output 35 30 11 | ADS Low to CLK, to guarantee | 25 15
C3 |Row Address Hold Time 5 12 WAIT DTACK output
tran = 12ns 12 |CS to ADS Low Set-up Time 5 5
C4 |Row Address Hold Time 25 20 13 |'ADS Falling Edge to RAS Low 35 35
tran = 20ns during an Access
C5 |Column Address Set-up Time 0 0 14a | Address Set-up to ADS Falling 10 10
tasc = Ons Edge using the On-Chip
C6 |Column Address Set-up Time 10 10 Address Latch
tasc = 10ns 14b | Address Set-up to ADS Falling 10 10
" SRS Edge not using the On-Chip
C12 |AREQ Hfgh to RAS Hl,gh 35 30 Address Latch
C17 | AREQ High to CAS High 15 | Address Hold after ADS Falling | 8 8
C20 | Column Address Hold Time 25 | 40 | 25 | 40 Edge using the On-Chip
in Interleave Address Latch
W12 | ADS Low to DTACK Low 40 30 16 |ADS Low to CAS Low
0T from RAS Programmed C9 = ‘0 (not delayed access)
R2,3=0'R7="'1 a tgAH =12ns, tASC = Ons 85
b tRAH = 12ns, tASC =10ns 95
C |tpan = 20ns, tasc = Ons 95
d |tgan = 20ns, tasc = 10ns 105
19 | ADS High Pulse Width 10
110 | CS Low after access start 10

& SAMSUNG =

Electronics



588 4c31 /32 ENHANCED DYNAMIC RAM CON'}I;I;?I’I;,I;::;

Figure 9. Non-Interleave — Delay CAS

aw TN SN SN[/
ALE / \
Cs \ /
AREG /] \
:?’éo—ano ___X X X
Q0-910 X ROW X COLUMN X ROW X COLUMN X
RASH \ \
C24 J— C25
fe—— 116 o] f— DELAYED CAS
cAsn . \J/ / \
»1 011
WIN \
_>[c14 - — c14l<—
WE \‘ /
ECASn \_ / \_
-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
011 |WIN fow to CLK Rising Edgeto | 5 5 C18 | CLK High 15 13
Jelay CAS (C9 = 1) C18a | CLK Low 1 13
C14 |WIN to WE _ 40 & 19 | CLK Period 40 3
C24 | CLK Rising Edge to CAS Low if 30 30 .
delayed by WIN C28 | RFCLK High 15 15
—— RF 1
C25 | CLK Rising Edge to CASn High 30 30 C28a | RFCLK Low 5 ®
if ECASn Low at AREQ (if delay C29 | RFCLK Period 40 40

programmed by ECASO)

Figure 10. CLK, RFCLK Timing

C18 | C18a c19
CLK

€28 C28a C29

RFCLK
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Figure 11. KS84C31/32 Static Column Operation Mode 1

ROW ADDRESS CHANGE

2T PRECHARGE

{

AREQ \ k
1T NON BURST 1T BURST
DTACK

Figure 12. KS84C31/32 Page Mode Operation Mode 1

ROW ADDRESS CHANGE

e WW
2T PRECHARGE
Ty VA
g N\ i
RASn &\ N
—

‘-n—Pz —» J -»{P13] k
TASn /\ ——
AREQ \—
NO WAIT
BTACK \. L/'_'\ (
PMISS
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Figure 13. KS84C31/32 Page Mode Operation

ACCESS START MODE 0
ACCESS START MODE 1
cLk _9
ALE/ADS _/'
AODR [/ X A\
B3
129 ’4—» \
'/ P2
| |<-903\
s |\ / 2 N W
- hl 015\ -
cas \ /O

Sur COLUMN XXX COLUMN
<ro P05 | | P IF PAGE CHANGE
PMlss_"j LI S S vy

Pﬂ_,l ==
W_\k@'l \j : MODE 0 NO WAIT STATE
Im MODE 1 NO WAIT STATE
War \/ AT 4
Mode 0: Mode 1:
=25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
PO1 |Burst access start to PMISS low 30 25 P11 | Burst access start to PMISS 30 25
(50pF load) low (50pF load)
P02 [ECASN high setup to 10 10 P12 [ ECASn high setup to 10 10
access start access start
P03 |ECASN hold from access start 20 20 P13 | ECASn hold from access start 20 20
P04 | Access start to CAS low if page | 25 2% P14 | ADS low to CAS low if page hit 25 25
hit (ECAS hold = Ons) (ECAS hold = Ons)
P05 | PMISS high from access start 15 15 P15 | PMISS high from access start 15 15
(50pF load) ) (50pF load)
P06 | RAS high from access start 35 30 P16 | RAS high from access start if 35 30
if page miss page miss
Mode 0 and 1:
-25 -33
No. Parameter Min | Max | Min | Max
Pt |PMISS low from deferred 15 15
access start (50pF load)
P2 |ECAS high width 15 15

¢ SAMSUNG |

Electronics



KS84C31/32

ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary
Figure 14. KS84C31/32 Simplified Logic for Page Mode
TO MUX
ADS/ALE L
LATCH m LATCH
(T-1
:ggaess—_:lJ> :F ,_ﬂ_'\, _—
COMP
RFCLK ] + _—__> A B
| A*B
LOGIC ————————4———————— PMISS
Figure 15. Page Mode Interface with 68020
CLK
68020 KS84C31
CLK CLK
AS ADS
DECODER
ECAS0  CASO}—
*—j' ) e e o
SIZE
@————— ECASZ?  CASZ—
) S ]
_‘ED-— AREG  PMISS —’
334
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KS84C31/32 ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary

Figure 16. 68030 Cache Fill Operation, Nibble Mode Access with 68030 Wait States Mode 1

S0 S2 Sw Sw Sw Sw S3 Sw Sw S4 S5 Sw Sw S6 S7 Sw Sw S8 S9

DTACK(STERM)

ceREG |\

CBACK

DATA READ (D0} (b2 )03 )
AREQ \

Nibble Mode A.C. Parameter

-25 -33
No. Parameter Min | Max | Min | Max
N1 |CLK to CAS high 5 (20| 4 | 15
N2 |CLK to CAS low 20 15
N3 |CLK to CBACK low 18 14
N4 |CLK to CBACK high 18 14
W4 | CLK to DTACK high 30 25
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ENHANCED DYNAMIC -RAM CONTROLLERS
« - Preliminary

Figure 17. 68030 — KS84C31/32 Interface

20-33 MHz
68030 i | | KS84C31/32
RFCLK
CLK
ADDR c
BUS T ‘:> R
A0
At - J—
ECASO
ECAS1
siz0) ECAS2
siz1 ECAS3
CBREQ CBREQ
€BAacK CBACK
AS AaDs
| — AREQ
STERM DTACK

Figure 18. 68040 or Similar CPU or Cache Interface KS84C31/32 Interface Timing with Nibble Mode Burst Access

CASn

CPU CLK

ADDRESS

RD

TS(ALE) TS(ADS)
TIP

i

DATA

68040 SIGNALS

TA (DTACK}
BB
CPUBR
CPUBG
ECAS

RAS

AREQ

! LINE PUSH

! -~—— LINE READ+- -+
-/ [ ] / ] D o

[ L] /I //
~ A (

| | 1\ \
u b

1T 1d
\_/ /
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K884C31 /32 | ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary

Figure 19. 68040 — KS84C31/32 Interface

KSB4C31/32
CLK (25-33 MHz) D RFCLK
68040 [
CLOCK CLK CLK
TRAND START TS Po————————»| ALE
cs—»{ TS
TRAND. |. PRGS. TP BISRFSH
1/2PAL22V10
A0 ] ECASD
ADDRESS
At ECAS1
size sizo ECAS2
siz1 ECAS3
1/2 PAL22VI0  DECODER
TT0
TRANSFER TYPE
iy AREQ
TRANSFER ACKN. TA I DTACK
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KS84C31/32

ENHANCED DVNAMIC RAM CON

Figure 20. Mode 0, Wait State, Non-Interleave with Burst Access

ACCESS START

BURST ACCESS START

Prelim

TROLLERS
inary

cak — [ /] N\
ALE__/\ :l' \ S N\~
= |awor tWS'
WA~ \, "'J ST i 2R E—
C12| |
RS e\ o A
L I S c21-}
ECASn \ _/ \
—| |wo2 ’ | |wws wos {w] |e-wi
WAIT / < 10w
R46 = v{ R235 = 1" s w2 f | |ew2 - |<-ws - By
P - | — —
AREQ \V
! - C13 - C25
- N e
| w0 I<—wos
DTACK Al e o = / N NoNO
e A T =
WarT »|wole— :;—\]wa
TACK az,; ='0' R345 =1 D % ~N ";:;oo:
WATT < WAIT STATES
NON-BURST/BURST
-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
C12 | AREQ High to RAS High 35 WO1 | WAITIN Low to CLK Rising 5 5
— e . Edge to Add Wait State (s) if no
C13 | ECASn High to CASn High ?5 Walt State is programmed
ECASn Low to CASn Low W02 | CLK Rising Edge to WAIT Low 25 20
C21 | AREQ Rising Edge to ECAS 20 (CS must be Low)
?":;‘g a‘;ﬁ’fs':‘agde' not to W03 | CLK Rising Edge to WAIT Low 30 25
(DTACK High)
C25 | CLK Rising Edge to CASn High 30 P - :
if ECASN low at AREQ Rising W04 (iLtK to DTACK L(;)w if no wait 30 25
Edge (if Delay Programmed by siale programme
ECAS0) W05 | CLK High to DTACK Low 35 25
0T Programmed
Mode 1: W1 | CLK falling edge to WAIT High 30 25
-25 -33 W2 | CLK rising or falling edge to 30 25
No. Parameter Min | Max | Min | Max DTACK Low
W11 | WAMTIN Low to ADS Low to 5 5 W3 | AREQ/ALE/ADS to DTACK High 30 25
Add Wait State(s) if No Wait W5 | CLK Rising Edge to WAIT High 30 25
State is Programmed W6 | WAITIN Low to Access Start to | 5 5
W12 | ADS Low to DTACK Low 0T 40 30 Add Wait State(s)
ggmsFiA’g I;r;)g_rermed W7 | ALE/ADS High to DTACK High 35 25
Rl (WAIT Low) during Burst Access
W13 | ADS falling edge to WAIT Low 30 25 (not OT programmed)
(CS must be Low) W8 | CAS Low to DTACK Low (WAIT 35 25
W14 | ADS Falling Edge to WAIT Low 35 25 High) during Burst Access
delayed access (OT programmed)
W15 { CLK High to DTACK High 35 25 W9 | ECAS High to DTACK High if
delayed access OT programmed)
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KS84C31/32 ENHANCED DYNAMIC RAM CONTROLLERS ,

Preliminary

Figure 21. Wait State with CS

3| (-
CLK
]
010 ——-|
ALE/ADS
2 !4———!10——»
AREQG \

RAS _—-\M / ( i
——_ [ |y
\,
DTACK —\ y\- -------- VA
NO WAIT Sm _L/ WAIT STATE WITH CS
—_] <~ PAGE COMPARE TIME

* DTACK WILL STAY HIGH
IE NO ACCESS IS STARTED

(CS 1S HIGH)
Figure 22. Mode Load
- y——’ MODE EFFECTIVE
- M3—
[N /
Mq
s \l /
AREG N /
M6 e M1 | M2y
BO, B1 — —————
ECASO
-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
M1 |Mode Address Set-up Time 5 5 M4 |CS asserted to AREQ asserted | 5 5
M2 {Mode Address Hold Time 5 5 M5 | Mode Address Hold Time from | 30 30
M3 | ML asserted to AREQ asserted | 10 10 AREQ Low
M6 |Mode Address Set-up Time to 0 0
AREQ Low
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ENHANCED DYNAMIC RAM CONTROLLERS
o " Prefimi

s T\ / \
A go-a10 X_
Q0-910 X _row X coLumn ¢ X ROwW ROW ROW COUNTER — X ROW
R9 RY
RASH \ ACCESS / j REFRESH ; \ ACCESS
CASn _——\___—/ 1
WAIT / @
R14 L‘ﬂL
RFR /
Hz‘ ‘RL{
RFIP [ @ OT AFTER DELAYED ACCESS
R2,R3 =0
-25 -33
No. Parameter Min | Max | Min | Max
R5 |CLK High to RFIP Low 35 35
R6 |CLK Rising Edge to RFIP High 35 35
for Pending Refresh Ending
R7 | CLK Rising Edge to Refresh 30 30
RAS Ending
R9 [CLK Rising Edge to Refresh 35 35
RAS Starting
R13 | CLK Rising Edge to RFRQ High 35 35
R14 | CLK Rising Edge to RFRQ Low 35 35
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KS84C31/32

ENHANCED DYNAMIC RAM CONTROLLERS
Preliminary

Figure 24. Refresh and Extended Refresh

o _/_\__/—\_/_\_/—"'\_/__LA’—\_/__\__/_\_/F_\_/

AREQ
RS

RFIP

—»

oo =l

a X REFRESH ROW X REFRESH ROW
RY
- — iq—m
RASn / \
~:l le—R2
DIRFSH
Rl1-p] [eg—
RFSH
R10. ~>I R3 |- |<ns>{
EXTDRF /—_\
-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
R1 |RFSH Low Set-up to CLK 5 5 R6 |CLK Rising Edge to RFIP High 35 35
Rising Edge R7 | CLK Rising Edge to Refresh 30 30
R2 |DISRFSH Low Set-up to CLK 15 15 RAS Ending
Rising Edge R | CLK Rising Edge to Refresh 3% 35
R3 |EXTDRF Set-up to CLK 12 12 RAS Starting
Rising Edge _ R10 |RFSH Low Pulse Width 15 15
R4 |CLK Rising Edge to RFIP Low 30 30
R5 |AREQ High to RFIP Low 35 35
Figure 25. Staggered Refresh
DISRFSH
RFSH \
e\ —
RASO \ /
RAST \ /
RAS2 |
RAS3 \ /
Q0-9,10 X REFRESH ROW D REFR. ROW + 1
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Figure 26. Page Mode Forced Refresh

MODE 0
MODE 1
CLK

ADS/ALE

RFRQ
(INTERNAL)

Ny

PMISS
__Ys \
1 2 5
REFRESH REFRESH REFRESH

AREQ —_—/--/” \——-——
DTACK /7 \
-
WAl N\ /
\

cs N 7/

* NOTE: WAIT STATES ARE INSERTED ONLY IF THE
DRAM ACCESS IS REQUESTED (CS LOW)

¢ SAMSUNG L e

Electronics



KS84C31/32

ENHANCED DYNAMIC RAM CONTROLLERS

Preliminary

APPENDIX
Commonalities and Differences between the KS84C21/22 and the KS84C31/32.

Pin Compatibility

The KS84C31/32 are fully pin for pin compatible with the
KS84C21/22.

Functional Compatibility

Besides the differences described below which are all
upgrades to the KS84C21/22, there is only one feature
that is left off and that is the column increment feature.
The EDRC supports access to random pages and
random column if page mode is programmed. The
column increment counter would be of no great benefit.

Mode Register

The Mode Register isexpanded by 3 bits (ECAS1, ECAS2
and ECAS3) to select the 68030 mode, the page mode
operation and the Nibble Mode, respectively.

Page Mode

The EDRC supports page access to random columns
within a page. If the page of consecutive access cycles is
different from each other, the EDRC will set the output
PMISS to indicate that there is a page miss. CAS outputs
are asserted deasserted by the corresponding ECAS
inputs, however, CAS will be delayed from going low in
case of a page miss. CAS, RAS and WE will be
deasserted when a page miss is detected.

Static Column

The EDRC supports the faster static column access. The
address latch will latch the Row address. The column
address latch can either be in “fall through” or “latch”
mode.

Interleave Mode

Interleaving of memory cycles is possible only in non-
page mode operation. Interleaving is also disabled in
68030 and Nibble mode.

68030

The EDRC supports the fast cache fill mode of the 68030.
Up to four 32 bit words can be fetched by nibble access
cycles. The handshake signals provided by the 68030

are compatible with the corresponding I/O lines provided
by the EDRC. These 2 handshake signals CBREQ and
CBACK are multiplexed with signals RFRQ (refresh
request output) and the EXTDRF (extend refresh input).

Nibble Mode

The EDRC easily interfaces with the 68040 and other
controller that can utilize the fast nibble type access.

The CAS outputs are switched in this mode during the
burst access cycles by the CLK input. Individual CASs
can be disabled by the appropriate ECAS input. A burst
lasts four access cycles but can be terminated at any
time with the AREQ input going high.

Operating Frequency

The maximum operating frequency is 33 MHz on the
CLK input and 20 MHz on the RFCLK input.

Wait State Timing

The assertion of the WAIT(DTACK) output has been
changed slightly. A wait state starts always when the
access starts which is in mode 0 the rising edge of CLK
after ALE goes high and in mode 1 at the falling edge of
ADS provided that CS  setup time is sufficient.

A wait state starts when an access has been requested
thatis CS is asserted. In 68030 and Nibble Mode, CS has
to be asserted only for the non-burst access.

Column Address Hold Time During Interleaving

The column address hold time is reduced to min 25 ns
and the max time is 40 ns. This allows starting a
consecutive access earlier with the cycle.

Row Address Hold Time

The Row Address hold time has been reduced to 12 and
20 ns respectively.

PMISS Output: This output has been added to signal
that a page miss has been detected. This signal should
be fed back to the AREQ input if the page mode option is
selected. It also can be used to add wait states during a
non-burst or burst access.
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& SAMSUNG

Electronics

“Preliminary
—
Summary of AC Parameters
The leading digit indicates the following area where the specifications refer:
0 Mode 0 N Nibble Mode
1 Mode 1 P Page Mode
C Common R Refresh
M Mode Load W Wait
-25 -33 ~25 -33
No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max
01 |CS Low to CLK Rising Edge 10 5 16 | ADS Low to CAS Low
- - C9 = 0’ (not delayed access)
02 |ALE High to CLK Rising Edge 15 10 2 |tean = 1205, tasg = Ons g5
04 |ALE Pulse Width 15 10 b |tran = 12ns, tage = 10ns 95
05a |Address Set-up to CLK Rising | 10 10 € |than = 2005, tige = Ons 85
Edge using the On-Chip d  |tpay = 20ms, tagc = 10ns 105
Address Latch 19 | ADS High Pulse Width 10
05b |Address Set-up to CLK Rising | 20 20 110 | CS Low after access start 10
Edge not using the On-Chip
Address Latch C2 | Address to Q output 35 30
06 |Address Set-up to ALE Falling | 10 10 e f‘°w Address Hold Time. 12 "
Edge using the On-Chip RAH © 1enS
Address Latch C4 |Row Address Hold Time, 20 20
07 | CLK Rising Edge to RAS Low 3% 30 thar = 201 :
08 |CLK Rising Edge to CAS Low C5 tColurI\r;) Address Set-up Time 0 0
(non-delayed access) asc = Uns
a |tgan = 12ns, tagc = Ons 85 80 C6 | Column Address Set-up Time 10 10
b tpan = 12n8, tage = 10ns 95 90 |tasc = 10ns .
S :RAH : g"s' :ASC - 13“3 1%55 190% C7 | CLK Rising Edge to RAS active 35 30
_RAH — NS, tasc = 1ns after delayed access
00 i“ow after access start 0 10 C8 |CLK Rising Edge to CAS active
011 |WIN low to CLK Rising Edge to | 5 5 after delayed access
delay CAS (C9 = ‘1’) a traH = 12ns, tasc = Ons 85 80
012 |Address Hold Time from 20 15 b :“A“ f ;g"s' EASC =_ 18"5 gg gg
ALE falling edge using the z t“"“ - 20ns, tASC : ) Ons 105 100
On-Chip Address Latch RaR 7 205, tasc = NS
11 |ADS Low to CLK, to guarantee | 25 15 C12 | AREQ High to RAS High 3 %
WAIT DTACK output C13 | ECASn High to CASn High 25
12 |CS to ADS Low Set-up Time 5 5 ECASn Low to CASn Low
13 |ADS Falling Edge to RAS Low 35 35 C14 |WIN to WE 40 33
during an Access C17 | AREQ High to CAS High 35 30
14a |Address Set-up to ADS Falling 10 10 .
Edge using the On-Chip C18 | CLK High 1 3
Address Latch C18a | CLK .Low 15 13
14b |Address Set-up to ADS Falling | 10 10 C19 | CLK Period 40 33
Edge not using the On-Chip C20 | Column Address Hold Time 25 | 40 | 25 | 40
Address Latch in Interleave
15 Address.HoId after ADS Falling | 8 8 C21 | AREQ Rising Edge to ECAS 20
Edge using the On-Chip Rising Edge in order not to
Address Latch start a Wait State
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Preliminary
-25 -33 . ~25 -33

No. Parameter Min | Max | Min | Max No. Parameter Min | Max | Min | Max

€22 |AREQ High to CLK Rising Edge | 15 10 P12 |ECASn high setup to 10 10
to recognized as 1T of RAS access start
precharge P13 | ECASN hold from access start | 20 20

C24 S'—IK R;sg‘g%e to CAS Low if %0 % P14 [ADS_low to CAS low if page hit 25 25

elayed by (ECAS hold = 0 ns)

C25 | CLK Rising Edge to CASn High 30 30 ! y
it ECASn Low at AREQ (if delay P15 g;sl:;g'; from access start 5 *
programmed by ECASO) ——

C28 | RFCLK High 5 15 P16 :?;:igt:gmhi ;;om access start 35 30

C28a | RFCLK Low % % R1 |RFSH Low Set-up to CLK 5 5

C29 |RFCLK Period 40 40 Rising Edge

M1 |Mode Address Set-up Time 5 5 R2 | DISRFSH Low Set-up to CLK 15 15

M2 |Mode Address Hold Time 5 5 Rising Edge

M3 |ML asserted to AREQ asserted | 10 10 A3 E?;LZRE dz:"“p o CLK 2 12

M4 | CS asserted to AREQ asserted | 5 5 R4 | CLK Rising Edge to RFIP Low 30 30

M5 | Mode Address Hold Time from 30 30 ToEA L =5
AREQ Low R5 | AREQ High to RFIP Low 35 35

M6 | Mode Address Set-up Timeto | 0 0 R6_| CLK Rising Edge to RFIP High % 3
AREQ Low R7 | CLK Rising Edge to Refresh 30 30

N1 | CLK to CAS high 5120 4|1 RAS Ending

N2 | CLK to CAS low 20 15 R9 %S(_ gglr?i?\gEdge to Refresh 35 35

N3 | CLK to CBACK low 8 Lo R10 |RFSH Low Pulse Width 15 15

N4 | GLK to CBACK high 18 " R13 | CLK Rising Edge to RFRQ High 35 35

PO1 | Burst access start to PMISS low 30 25 — —

(50pF load) R14 | CLK Rising Edge to RFRQ Low 35 35
e W01 | WAITIN Low to CLK Rising 5 5
P02 aEcCc':Ssn s't";::‘ setup to 10 10 Edge to Add Wait State (s) if no
Wait State is programmed

P03 | ECASn hold from access start 20 20 WO02 | CLK Rising Edge to WAIT Low 25 20

P04 | Access start to CAS low if page | 25 25 (CS must be Low)
hit (ECAS hold = 0 ns) W03 | CLK Rising Edge to WAIT Low 30 25

P05 [ PMISS high from access start 15 15 (DTACK High)

(50pF load) W04 | CLK to DTACK Low if no wait 30 2

P06 | RAS high from access start 35 30 state programmed
 page miss W05 | CLK High to DTACK Low 35 25

P1 {PMISS low from deferred 15 15 0T Programmed
access start (S0pF load) W1 | CLK falling edge to WAIT High 30 2%

P2 | ECAS high width 15 - 15 W2 | CLK rising or falling edge to 30 25

P11 | Burst access start to PMISS 30 25 DTACK Low
fow (50pF load) W3 | AREQ/ALE/ADS to DTACK High 30 2
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-25 -33 -25 -33
No. Parameter Min | Max | Min | Max No. ‘ Parameter Min | Max | Min | Max
W4 | CLK to DTACK High 30 25 W11 [WAITIN Low to ADS Low to 5 5
. WA ut i Add Wait State(s) if No Wait
W5 | CLK Rising Edge to WAIT High 30 25. State is Programmed
we WAITIN'Low to Access Startto | 5 -5 W12 | ADS Low to DTACK Low OT 40 0
Add Wait State(s) She
— from RAS Programmed
W7 |ALE/ADS High to DTACK High 35 25 R2,3="0,R7="1
Em';’ﬁ‘r’g f:n:':nge;““‘t Access W13 | ADS falling edge to WAIT Low 30 25
{not?" prog (CS must be Low)
W8 | CAS low to DTACK Low (WAIT 35 25 TRE ol NS
High) during Burst Access w14 ::I)as ::II;ng Egge to WAIT Low 35 25
(0T programmed) yec acces
W9 |ECAS high to DTACK high if wis g;: eH(;g:c:;sZTACK High 3 2%
OT programmed Y
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PACKAGE DIMENSIONS

The Samsung KS84CXX DRAM Controllers are available in two packages. The KS84C3t 68-Pin PLCC package is
shown in Figure 27, while the 84-Pin version is shown in Figure 28. ‘

Figure 27. 68-Pin PLCC Package Figure 28. 84-Pin PLCC Package

ORDERING INFORMATION AND PRODUCT CODE

KS  84CXX XX X X

SAMSUNG Packaging
SEMICONDUCTOR L — Plastic Leaded Chip Carrier
(PLCC)
Part Number
84C31
84C32 Temperature
C — Commercial (0°C to +70°C)
Speed
-33 33MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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SERIAL COMMUNICATION CONTROLLER
Preliminary

PRODUCT FEATURES

* 6,8,and 10 MHz operation

* Lowpower CMOS

+ Pincompatible to NMOS versions

* High speed - 2.5Mbit/sec channels

« Twoindependent, full-duplex channels, each with
separate crystal oscillator, baud rate generator and
Digital PLL

« Multi-protocol operation, programmable for NRZ,
NRZI or FM data encoding

« Asynchronous mode with programmable clock factor

« Synchronous mode with internal or external character
synchronization

+ Break detection and generation

« Parity, overrun, and framing error detection
« Localloopback and auto echo modes

+ Supports T1 digital trunk

+ Enhanced DMA support

PRODUCT OVERVIEW

The KS85C30 CMOS Serial Communications Controller
(SCC) is an enhanced CMOS version of the industry stan-
dard NMOS SCC. ltis a dual channel, multi-protocol data
communications peripheral that easily interfaces to CPU’s
with non-multiplexed address/data buses. The program-
ming flexibility of the internal registers allows the SCC to be
configured to satisfy a wide variety of serial communica-
tion applications. The many on-chip features such as baud
rate generators, digital phase locked loops, and crystal
oscillators dramatically reduce the need for external logic.
Additional features including a 10 X 19-bit status FIFO and
14-bit byte counter were added to support high speed
SDLC transers using DMA controllers.

The SCC handles asynchronous formats, synchronous
byte-oriented protocols such as IBM Bisync, and synchro-
nous bit-oriented protocols such as HDLC and IBM SDLC.
This versatile device supports virtually any serial data
transfer application (cassette, diskette, tape drives efc.).
The advanced CMOS process offers lower power con-
sumption, higher performance, and superior noise immu-

nity.

The device can generate and check CRC codes in any
synchronous mode and can be programmed to check data
integrity in various modes. The SCC also has facilities for
modem controls in both channels. In applications where
these controls are not needed the modem controls can be
used for general-purposes /0. The daisy-chain interrupt
hierarchy is also supported.

10 DEEP
STATUS | BYTE
AND COUNT BRG A | <affmmeeen
COUNT | REG A
FIFO (" SERIALDATA
f ¥ > CHANNELA | 37" cHANNEL cLOCKS
> ST
STATUS BITS 1 WAITAEGUEST
INT
cony feo
LoGic
DISCRETE «— MOOEM, DMA
jasmds-|  CONTROL AND OROTHER
conrn r'y A STATUS A’ [—* CONTROLS
o . —
< | cru
BUS | SRS
b I - v
< >
—
DATA [8) A 3z DISCRETE » MODEM, DMA
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—
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Figure 1 : KS85C30 BLOCK DIAGRAM
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- SERIAL COMMUNICATION CONTROLLER
K885030 Preliminary
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Figure 2a: 44-PIN PLCC CONFIGURATION
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. " SERIAL COMMUNICATION CONTROLLER
K885C30 ‘ Preliminary

TABLE 1a: 40-Pin DIP Pin Assignment

Pin# PinName| Pin#|PinName | Pin#|PinName 'Pin# PinName | Pin#|PinName Pin #| Pin Name
1 |D, 8 |INTACK 15 | TxDA 22 |CTSB 29 |SYNCB 36 |RD

2 |D, 9 |V 16 |DTR/REQA| 23 |RTSB 30 |W/REQA | 37 |D,

3 |D, 10 |W/REQA 17 |RTSA 24 (DTR/REQB| 31 |GND 38 |D,

4 |D, 11 |SYNCA 18 |CTSA 25 |TxDB 32 |DIC 39 |D,

5 |INT 12 |RTxCA 19 |DCDA 26 | TRXCB 33 |CE 40 (D,

6 |IEO 13 |RxDA 20 |PCLK 27 |RxDB 34 (AB

7 |El 14 | TRxCA 21 |DCDB 28 |RTxCB 35 |WR

Table 1b: 44-Pin PLCC Pin Assignment

Pin#| PinName| Pin#|Pin Name Pin#| Pin Name Pin#| Pin Name Pin #| Pin Name Pin#| Pin Name

1 |p, 9 |INTACK 17 |NC 25 [CTSB 33 |SYNCB 41 |RD
2 |p, 10 |+5V 18 |NC 2 |RTSB 34 |WREQB | 42 |D,
3 |Dp, 11 |WREQA | 19 |DTR/REQA| 27 |DTR/REQB| 35 |GND 43 |D,
4 |D, 12 |SYNCA 20 |RTSA 28 [NC 36 |NC 44 |D,
5 |D, 13 [RTxCA 21 |CTSA 29 |TxDB 37 |DIC
6 |INT 14 |RxDA 22 |DCDA 30 |TRxCB 38 |CE
7_|IEO 15 | TRXCA 23 |PCLK 31 _|RxDB 39 |AB
8 |l 16 | TxDA 24 |DCDB 32 |RTxCB 40 |WR
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SERIAL COMMUNICATION CONTROLLER
Preliminary

Table 1 c: PINDESCRIPTIONS

Symbol

Type

Name and Function

A/B

Channel A/Channel B : This signal selects the channel in which the read or write operation
oceurs.

CE

Chip Enable: This signal selects the SCC for aread or write operation.

CTSA,CTSB

Clear To Send: If these pins are programmed as Auto Enables, a Low onthe inputs enablesthe
respective transmitters. If not programmed as Auto Enables, they may be used as general-
purpose inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time signals.
The SCC detects pulses on these pins and caninterrupt the CPU on both logic level transitions.

Vo

Data Bus (3-state): These lines carry data and commands to and from the SCC.

Data/Control Select: This signal defines the type of information transferred to or from the SCC.
A High means data is transferred; a Lowindicates a command.

DCDA, DCDB

Data Carrier Detect: These pins function as receiver enables if they are programmed for Auto
Enables; otherwise they may be used as general-purpose input pins. Both pins are Schmitt-
trigger buffered to accommodate slow rise-time signals. The SCC detects pulses on these pins
and can interrupt the CPU on both logic level transitions.

DTR/REQA
DTR/REQB

Data Terminal Ready/Request: These outputs follow the state programmed
into the DTR bit. They can also be used asgeneral-purpose outputs or as Requestlines
for a DMA controller.

IEl

Interrupt Enablen: IE|is used with IEO to form aninterrupt daisy-chain whenthere is more than
one interrupt driven device. A High IEl indicates that no other higher priority device has an’
interrupt under service or is requesting aninterrupt.

IEO

Interrupt Enable Out: [EO is High only if {El is High and the CPU is not servicing an SCC
interrupt or the SCC is not requesting an interrupt (Interrupt Acknowledge cycle only). IEQ is
connected to the next lower priority device's IEl input and this inhibits interrupts from-lower
priority devices.

INT

Interrupt Request: This signal is activated when the SCC requests an interrupt.

INTACK

PCLK

Interrupt Acknowledge: This signal indicates an active Interrupt Acknowledge cycle. During
this cycle, the SCC interrupt daisy chain settles. When RD becomes active, the SCC places an
interrupt vector on the data bus (if IE| is High). INTACK is latched by the rising edge of PCLK.

Clock: This is the master SCC clock used to synchronize internal signals. PCLKis a TTL level
signal..PCLK is not required to have any phase relationship with the master system clock.

RD

Read: This signal indicates a read operation and whenthe SCC is selected, enables the SCC's
bus drivers. During the Interrupt Acknowledge oycle, this signal gates the interrupt vector onto
the bus if the SCC is the highest priority device requesting an interrupt.

RTSA, RTSB

Requestto Send: Whenthe Request To Send (RTS) bitin Write Register 5 (Figure 10)is set, the
RTS signal goes Low. Whenthe RTS bitis resetin Asynchronous mode and Auto Enableis on,
the signal goes High after the transmitter is empty. In Synchronous mode or in Asynchronous
mode with Auto Enable off, the RTS pin strictly follows the state of the RTS bit. Both pins can be
used as general-purpose outputs.
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SERIAL COMMUNICATION CONTROLLER
Preliminary

Table 1¢: PIN DESCRIPTIONS °o"t

Symbol

Type

Name and Function

RTxCA, RTxCB

Receive/Transmit Clocks: These pins can be programmed in several different modes of
operation. In each channel RTxC may supply the receive clock, the transmit clock, the clock for|
the baud rate generator, or the clock for the Dlgnal Phase-Locked Loop. These pins can also be|
programmed for use with the respective SYNC pins as a crystal oscillator. The recsive clock may
be 1, 16, 32, or 64 times the datarate in Asynchronous modes.

RxDA, RxDB

Recelve Data: These inputs signals receive serial data at standard TTL levels.

SYNCA, SYNCB

o

Synchronization: These pins can act either as inputs, outputs, or part of the crystal oscillator
circuit. Inthe Asynchronous Receive mode (crystal oscillator option not selected), these pins are|
inputs similar to CTS and DCD. In this mode, transitions on these lines affect the state of the|
Synchronous/Hunt status bits in Read Register 0 (Figure 9) but have no other function.

In external Synchronization mode with the crystal oscillator not selected, these lines also act as
inputs. In this mode, SYNC must be driven Low two receive clock cycles after the last bit in the)
synchronous character is received. Character assembly begins on the rising edge of the receive|.
clock immediately preceding the activation of SYNC.

Inthe Internal Synchronization mode (Monosync and Bisync) with the crystal oscillator
not selacted, these pins act as outputs and are active only during the part of the receive clock
cycle in which synchronous characters are recognized. The synchronous condition is not
latched, so these outputs are active each time a synchronization pattern is recognized
(regardless of character boundaries). In SDLC mode, these pins act as outputs and are valid on
receiptof aflag.

TRxCA, TRxCB

Transmit/Recelve Clocks: These pins can be programmed in several different modes of
operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply|
the output of the Digital Phase-Locked Loop, the crystal oscillator, the baud rate generator, or the
transmit clock in the output mode.

TxDA, TxDB

Transmit Data: These output signals transmit serial data at standard TTL levels.

Voo

Power: 5V £ 5% DC Supply

Vss

Ground: 0V

WR

Write: Whenthe SCC is selected, this signal indicates a write operation. The coincidence of RD.
and WRisinterpreted as a reset.

W/REQA
W/REQB

Walt/Request: Open-drain when programmed for a Wait function, driven High

or Low when programmed for a Request function. These dual-purpose outputs may be|
programmed as Requestlines for a DMA controller or as Wait lines to synchronize the CPUto the
SCC datarate. The reset state is Wait.
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SERIAL COMMUNICATION CONTROLLER
Preliminary

OPERATIONAL DESCRIPTION

The functional capabilities of the SCC can be described
from two different points of view; as adata communications
device, it transmits and receives data in a wide variety of
data communications protocols; as a microprocessor pe-
ripheral, the SCC offers valuable features such as vec-
tored interrupts, polling, and simple handshake capability.

Data Communications Capabilities

The SCC provides two independent full-duplex channels
programmable for use in any common Asynchronous or
Synchronous data communication protocol. Figure 3 and
the following description briefly detail these protocols.

Asynchronous Modes

Transmission and reception can be accomplished inde-
pendently on each channel with five to eight bits per
character, plus optional even or odd parity. The transmit-
ters can supply one, one-and-one-half, or two stop bits per
character and can provide a break output at any time. The
receiver break-detection logic interrupts the CPU both at
the start and at the end of a received break. Reception is
protected from spikes by transient spike-rejection mecha-
nism that checks the signal one-half a bit time after Low
level is detected on the receive data input. If the Low does
not persist (as in the case of transient), the character
assembly process does not start.

Framing errors and overrun errors are detected and buff-
ered together with partial character on which they occur.
Vectored interrupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a built-in checking
process avoids the interpretation of a framing error as a
new start bit: a framing error results in the addition of one-
half a bit time to the point at which the search for the next
startbit begins.

PARITY
START STOP

MARKING LINE | oata JT T [ oata JT T 1 oata [T 77 warxwGLnE
ASYNCHRONOUS
Iy
[Tsyne T oama | 24 [ oata [ cre, | che, |
JII‘OMYNC
LL
[sync T syne [ oama | 27 T oama T cre, [ crc, |
SIGNAL > miswne
cc
[Toaa ] 27 [ oata | cac, | erc, |
* “extennaL swe
cc
[ Pac_JADDRESS | WFORMATION? ¢ CRC, | cRC, | RAG |
35
SDLCHOLCX.28

Figure 3: SOME SCCPROTOCOLS

The SCC does not require symmetric transmit and receive
clock signals, thus allowing use of a wide variety of clock
sources. The transmitter and receiver can handie dataata
rate of 1, 1/16, 1/32, or 1/64 of the clock inputs. In
Asynchronous modes, SYNC may be programmed as an
inputused for functions such as monitoring a ring indicator.

Synchronous Modes

The SCC supports both byte-oriented and bit-oriented
synchronous communication. Synchronous byte-oriented
protocols can be handled in several modes, allowing
character synchronization with a 6-bit or 8-bitsynchronous
character (Monosync), any 12-bit synchronization pattern
(Bisync), or with an external synchronous signal. Leading
sync characters can be removed without interrupting the
CPU.

Five- or 7-bit synchronous characters are detected with 8-
‘or 16-bit patterns in the SCC by overlapping the larger
pattern across multiple incoming synchronous characters
as shown in Figure 4.

CRC checking for Synchronous byte-oriented modes is
delayed by one character time so thatthe CPU may disable
CRC checking on specific characters. This permits the
implementation of protocols such as IBM Bysinc.

Both CRC-16 (X6 + X5 +X2+ 1)and CCITT (X'®+ X2 + X3
+ 1) error checking polynomials are supported. Either
polynomial may be selected in all Synchronous modes.
Users may preset the CRC generator and checker to all 1s
or all 0s. The SCC also provides a feature that automati-
cally transmits CRC data when no other data is available
for transmission. This allows for high speed transmissions
under DMA control, with no need for CPU intervention at
the end of a message. When there is no data or CRC to
send in Synchronous modes, the transmitter inserts 6-, 8-,
or 16-bit synchronous characters, regardless of the pro-
grammed character length.

The SCC supports Synchronous bit-oriented protocols,
such as SDLC and HDLC, by performing automatic flag
sending, zero insertion, and CRC generation. A special
command can be used to abort a frame in transmission. At
the end of amessage, the SCC automatically transmits the
CRC and trailing flag when the transmitter underruns. The
transmitter may also be programmed to send an idle line
consisting of continuous flag characters or a steady mark-
ing condition.

58ITS

[ lsvnc | sync] | svNc | DatA DATA | DATA | DaTA

88ITS

16 BITS

Figure 4 : DETECTING 5- OR 7-BIT SYNCHRONOUS
CHARACTERS
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If a transmit under run occurs in the middle of a message,
as external/status interrupt warns the CPU of this status
changeso thatan abort may be issued. The SCC may also
be programmed to send an abort itself in case of an

-underrun, relieving the CPU of this task. One to eight bits
per character can be sent, allowing reception of amessage
with no prior information about the character structure in
the information field of a frame.

The receiver automatically acquires synchronization on
the leading flag of aframe in SDLC or HDLC and provides a
synchronization signal on the SYNC pin (an interrupt can
also beprogrammed). The receiver can be programmedto
search for frames addressed by a single byte (or four bits
within a byte) of a user-selected address or to a global
broadcast address. In this mode, frames not matching
either the user-selected or broadcast address are ignored.
The number of address bytes can be extended under
software control. Forreceiving data, an interrupt on the first
received character, or an interrupt on every character, or
on special condition only (end-of-frame) can be selected.
The receiver automatically deletes all Os inserted by the
transmitter during character assembly. CRC is also calcu-
lated and is automatically checked to validate frame trans-
mission.Atthe end of transmission, the status of areceived
frame is available in the status registers. In SDLC mode,
the SCC must be programmed to use the SDLC CRC
polynomial, but the generator and checker may be preset
to all 1s or all 0s. The CRC is inverted before transmission
and the receiver checks against the bit pattern
0001110100001111.

NRZ, NRZ1 or FM coding may be used in any 1x mode. The
parity options available in Asynchronous modes are avail-
able in Synchronous modes.

The SCC can be conveniently used under DMA control to
provide high speed reception or transmission. In reception,
for example the SCC can interrupt the CPU when the first
character of amessage is received. The CPU then enables
the DMA to transfer the message to memory. The SCC
then issues an end-of-frame interrupt and the CPU can
check the status of the received message. Thus, the CPU
is freed for other service while the message is being
received. The CPU may also enable the DMA first and
have the SCC interrupt only on end-of-frame. This proce-
dure allows all data to be transferred via the DMA.

SDLC Loop Mode

The SCC supports SDLC Loop mode in addition to normal
SDLC. In an SDLC Loop, there is a primary controller
station that manages the message traffic flow on the loop
and any number of secondary stations. In SDLC Loop
mode, the SCC performs the functions of a secondary
station while an SCC operating in regular SDLC mode can
actas a controller (Figure 5).

SERIAL COMMUNICATION CONTROLLER

Preliminary

CONTROLLER
SECONDARY #4

SECONDARY #3

Figure5: ANSDLCLOOP

A secondary station in an SDLC Loop is always listening to
the messages being sent around the loop, and in fact must
pass these messages to the rest of the loop by re-transmit-
ting them with one-bit-time delay. The secondary station
can place its own message on the loop only at specific
times. The controller signals that secondary stations may
transmit messages by sending a special character, cailed
an EQP (End of Poll), around the loop. The EOP character
is the bit pattern 11111110. Because of zero insertion
during messages, this bit pattern is unique and easily
recognized.

When a secondary station has a message to transmit and
recognizes an EOP on the line, it changes the |ast binary 1
ofthe EOP to a 0 before transmission. This has the effect of
turning the EOP into a flag sequence. The secondary
station now places its message on the loop and terminates
the message with an EOP. Any secondary stations further
down the loop with messages to transmit can then append
their messages to the message of the first secondary
station by the same process. Any secondary stations
without messages to send merely echo the incoming
messages and are prohibited from placing message son
the loop (except upon recognizing an EOP).

SDLC Loop mode is a programmable option in the SCC.
NRZ, NRZ1, and FM coding may ali be used in SDLC Loop
mode.

Baud Rate Generator

Each channel in the SCC contains a programmable baud
rate generator. Each generator consists of two 8-bit time
constant registers that form a 16-bit time constant, a 16-bit
down counter, and a flip-flop on the output producing a
square wave. On startup, the flip-fiop on the output is setin
a High state, the value in the time constant register is
loaded into the counter, and the counter starts counting
down. The output of the baud rate generator toggle upon
reaching 0, the valuein the time constant register is loaded
into the counter, and the process is repeated. The time
constant may be changed at any time, but the new value
does not take effect until the next load of the counter.
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SERIAL COMMUNICATION CONTROLLER
Preliminary

The output of the baud rate generator may be used as
either the transmit clock, the receive clock, or both. It can
also drive the Digital Phase-Locked Loop (see next sec-
tion).

If the receive clock or transmit clock is not programmed to
come from the TRxC pin, the output of the baud rate
generator may be echoed out via the TRxC pin.

The following formula relates the time constant to the baud
rate where PCLK or RTxC is the baud rate generator input
frequency in Hz. The clock mode is 1, 16, 32, or 64 as
selected in Write Register 4, bits D6 and D7. Synchronous
operation modes should select 1 and Asynchronous
should select 16, 32, or 64.

_ PCLKorRTxC Frequency
Time Constant=" e Rate)(Clock Mode) ~ 2

Digital Phase-Locked Loop

The SCC contains a Digital Phase-Locked Loop (DPLL) to

recover clock information from a data stream with NRZi or
FM encoding. The DPLL is driven by a clock that is
nominally 32 (NRZI) or 16 (FM) times the data rate. The
DPLL uses this clock, along with the data stream, to
construct a clock for the data. This clock may then be used
as the SCC receive clock, the transmit clock, or both.

For NRZI encoding, the DPLL counts the 32x clock to
create nominal bit times. As the 32x clock is counted, the
DPLL is searching the incoming data stream for edges
(either 1to O or O to 1). Whenever an edge is detected, the
DPLL makes a count adjustment (during the next counting
cycle), producing a terminal count closer to the center of
the bit cell.

For FM encoding, the DPLL still counts from 0 to 31, but
with a cycle corresponding to two bittimes. When the DPLL
is locked, the clock edges in the data stream should occur
between counts 15 and 16 and between counts 31 and 0.
The DPLL looks foredges only during atime centred on the
15 and 16 counting transition.

The 32x clock for the DPLL can be programmed to come
from either the RTxC input or the output of the baud rate
generator. The DPLL output may be programmed to be
echoed out of the SCC via the TRxC pin (if this pin is not
being used as an input).

Data Encoding

The SCC may be programmed to encode and decode the
serial data in four different ways (Figure 6). In NRZ encod-
ing, a 1 is represented by a High level and a 0 is repre-
sented by aLowlevel. InNRZlencoding,a 1is represented
by nochangein levelanda 0is representedby achangein
level. In FM1 (more properly, bi-phase mark), a transition
occurs at the beginning of every bit cell. A 1 is represented
by an additional transition at the center of the bitcelland a0
is represented by no additional transition at the center of

the bit cell. in FMO (bi-phase space), a transition occurs at
the beginning a every bit cell. A 0 is represented by an
additional transition at the center of the bitcell, anda 1 is
represented by no additional transition at the center of the
bit cell. In addition to these four methods, the SCC can be
used to decode Manchester (bi-phase level) data by using
the DPLL in the FM mode and programming the receiver
for NRZ data. Manchester encoding always produces a
transition atthe center of the bit cell. If the transitionis Oto 1,
the bitis a 0. Ifthe transitionis 1to 0, the bitisa 1.

Figure 6 : DATA ENCODING METHODS

Auto Echo and Local Loopback

The SCC is capable of automatically echoing everything it
receives. This feature is useful mainly in Asynchronous
modes, but works in Synchronous and SDLC modes as
well. In Auto Echo mode, TxD is RxD. Auto Echo mode can
be usedwith NRZ1 or FM encoding with no additional delay,
because the data stream is not decoded before re-trans-
mission. in Auto Echo mode, the CTS input is ignored as a
transmitter enable (although transitions on this input can
still cause interrupts if programmed to do s0). In this mode,
the transmitter is actually bypassed and the programmer is
responsible for disabling transmitter interrupts and WAIT/
REQUEST on transmit.

The SCC is also capable of local loopback. In this mode
TxD is RxD, justas in Auto Echo mode. However, in Local
Loopback mode, the internal transmit data is tied to the
internal receive data and RxD is ignored (except to be
echoed out via TxD). The CTS and DCD inputs are aiso
ignored as transmit and receive enables. However, transi-
tions on these inputs can still cause interrupts. Local
Loopback works in Asynchronous, Synchronous and
SDLC modes with NRZ, NRZI or FM coding of the data
stream.

I/0 Peripheral Interface Capabilities

The SCC offers the choice of Polling, Interrupt (vectored or
nonvectored), and Block Transfer modes to transfer data,
status, and control information to and from the CPU. The
Block Transfer mode can be implemented under CPU or
DMA control.
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Polling

All interrupts are disabled. Three status registers in the
SCC are automatically updated whenever any function is
performed. For example, end-of-frame in DSLC mode sets
a bit in one of these status registers. The idea behind
polling is for the CPU to periodically read a status register
until the register contents indicate the need for date to be
transterred. Only one register needs to be read; depending
on its contents, the CPU either writes data, reads data, or
continues. Two bits in the register indicate the need for
data transfer. An alternative is a poll of the Interrupt
Pending register to determine the source of an interrupt.
The status for both channels resides in one register. -

Interrupts

"~ When an SCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt vector may be
placed on the data bus. This vector is written in WR2 and
may be read in RR2A or RR2B (Figures 9 and 10).

To speed interrupt response time, the SCC can modify
three bits in this vector to indicate status. If the vector is
read in Channel A, status is never included; if itis read in
Channel B, status is always included.

Each of the six sources of interrupts in the SCC (Transmit,
Receive, and External/Status interrupts in both channels)
has three bits associated with the interrupt source: Inter-
rupt Pending (IP), Interrupt Under Service (IUS), and
Interrupt Enable (IE). Operation the IE bit is straightfor-
ward. If the IE bitis setfora giveninterruptsource, then that
source can request interrupts. The exception is when the
MIE (Master interrupt Enable) bit in WRS is reset and no
interrupts may be requested. The IE bits are write only.

The other two bits are related to the interrupt priority chain
(Figure 7). As a microprocessor peripheral, the SCC may
request an interrupt only when no higher priority device is
requesting one, e.g., when IEI is High. If the device in
question requests an Interrupt, it pulls down INT. The CPU
then responds with INTACK, and the interrupting device
places the vector on the data bus.

SERIAL COMMUNICATION CONTROLLER
Preliminary

Inthe SCC, the IP bit signals a need for interrupt servicing.
When an IP bitis 1 and the IEl input is High, the INT output
is pulled Low, requesting an interrupt. In the SCC, ifthe |E
bit is not set by enabling interrupts, then the IP for that
source can never be set. The |P bits are readable in RR3A.

The IUS bits signal that an interrupt request is being
serviced. If an IUS is set, all interrupt sources of lower
priority in the SCC and external to the SCC are prevented
from requesting interrupts. The internal interrupt sources
are inhibited by the state of the internal daisy chain, while
lower priority devices are inhibited by the IEO output ofthe.
SCC being pulled Low and propagated to subsequent
peripherals. An 1US bit is set during an interrupt Acknowl-
edge cycleifthere are no higher priority devices requesting
interrupts.

There are three types of interrupts: Transmit, Receive, and
External/Status. Each interrupt type is enabled under
program control with Channe! A having higher priority than
Channel B, and with Receiver, Transmit and External/
Status interrupts prioritized in that order within each chan-
nel. When the Transmit interrupt is enable, the CPU is
interrupted when the transmit buffer becomes empty. (This
implies that the transmitter must have had a data character
written into it so that it can become empty.) When enabled,
the received can interrupt the CPU in one of three ways:

* Interrupt on First Receive Character or Special Re-
ceive Condition.

* Interrupton All Receive Characters or Special Receive
Condition.

« Interrupt on Special Receive Condition Only.

Interrupt on First Character or Special Condition and
Interrupt on Special Condition Only are typically used with
the Block Transfer mode. A Special Receive Condition is
one of the following: receiver overrun, framing error in
Asynchronous mode, end-of-frame in SDLC mode and,
optionally, a parity error. The Special Receive Condition
interrupt is different from an ordinary receive character

PERIPHERAL

iet_Og D7 NT iNTACK i€0 IEl

Dy D7 INT INTACK IEO

PERIPHERAL PERIPHERAL

iel B¢ 07 WNT wmcx

L_f v ! y 45V
. EHHTERETE

Figure 7 : INTERRUPT SCHEDULE
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available interrupt only in the status placed in the vector
during the Interrupt Acknowledge cycle. In (Interrupt on
First Receive Character, an interrupt can occur from Spe-
cial Receive Conditions any time after the first receive
character interrupt.

The main function of the External/Status interrupt is to
monitor the signal transitions of the CTs, DCD, and SYNC
pins; however, an External/Status interrupt is also caused
by a Transmit Underrun condition, or a zero count in the
baud rate generator, or by the detection of a Break (Asyn-
chronous mode), Abort (SDLC mode) or EOP (SDLC Loop
mode) sequence in the data stream. The interrupt caused
by the Abort or EOP has a special feature allowing the SCC
to interrupt when the Abort or EOP sequence is detected or
terminated. This feature facilitates the proper termination
of the current message, correct initialization of the next
message, and the accurate timing of the Abort condition in
external logic in SDLC mode. In SDLC Loop mode, this

€ SAMSUNG

feature allows secondary stations to recognize the wishes
of the primary station to regain control of the loop during a

poll sequence.
CPU/DMA Block Transfer

The SCC provides a Block Transfer mode to accommo-
date CPU block transfer functions and CMA controlters.
The Block Transfer mode uses the WAIT/REQUEST out-
put in conjunction with the Wait/Request bits in WR1. The
WAIT/REQUEST output can be definad under software
control as @ WAIT line in the CPU Block Transfer mode or
as a REQUEST line in the DMA Block Transfer mode.

To a DMA controller, the SCC REQUEST output indicates
that the SCC is not ready to transfer data to or from
memory. To the CPU, the WAIT lineindicates that the SCC
is not ready to transfer data, thereby requesting that the
CPU extendthe I/O cycle. The DTR/REQUEST line allows
full-duplex operation under DMA control.
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ARCHITECTURE

The SCC internal structure includes two full-duplex chan-
nels, two baud rate generators, internal control and inter-
rupt logic, and a bus interface to a nonmultiplexed bus.
Associated with each channel are a number of read and
write registers for mode control and status information, as
well as logic necessary to interface to modems or other
external devices (Figure 1).

The logic for both channels provides formats, synchroniza-
tion, and validation for data transferred to and from the
channel interface. The modem control inputs are moni-
tored by the control logic under program control. All of the
modem control signals are general-purpose in nature and
can optionally but used for functions other than modem
control.

The register set for each channel includes ten control
(write) registers, two sync-character (write) registers, and
four status (read) registers. In addition, each baud rate
generator has two (read/write) registers for holding the
time constant that determines the baud rate. Finally, asso-
ciated with the interrupt logic is a write register for the
interrupt vector accessible through either channel, a write
only Master Interrupt Control register and three read regis-
ters: one containing the vector with status information
(Channel B only), one containing the vector without status
(Channel A only), and one containing the Interrupt Pending
bits (Channel A only).

The registers for each channel are designated as follows:

WRO-WR15— Write Registers 0 through 15.

RR0-RR3, RR10, RR12, RR15 — Read Registers 0
through 3,10, 12, 13, 15.

Table 9 lists the functions assigned to each read or write
register. The SCC contains only one WR2 and WR9, but
they can be accessed by either channel. All other registers
are paired (one for each channel).

Data Path

The transmit and receive data path illustrated in (Figure 8)
is identical for both channels. The receiver has three 80-bit
buffer registers in a FIFO arrangement, in addition to the 8-
bit receive shift register. This scheme creates additional
time for the CPUto service aninterruptatthe beginningofa
block of high speed data. Incoming data is routed through
one of several paths (data or CRC) depending on the
selected mode (the character length in Asynchronous
modes also determines the data path).

The transmitter has an 8-bit Transmit Data buffer register
loaded from the internal data bus and a 20 bit Transmit
Shift register than can be loaded either from the synchro-
nous character registers or from the Transmit Data regis-
ter. Depending on the operational mode, outgoing data is
routed through one of four main paths before itis transmit-
ted from the Transmit Data output (TxD).

Table 2: READ AND WRITE REGISTER FUNCTIONS

‘Function

RRO TransmivReceive buffer status and External
status

RR1 Special Receive Condition status

RR2 Modified Interrupt vector (Channel B only)
Unmodified Interrupt vector (Channel A only)

RR3 Interrupt Pending bits (Channel A only)

RR8 Receive Buffer

RR10 | Miscellaneous status

RR12 | Lower byte of baud rate generator time constant

RR13 | Upper byte of baud rate generator time constant

RR15 | External/Status Interruptinformation

WRo CRCinitialize, initialization commands for the vari-
ous modes, Register Pointers

WRt1 Transmit/Receive interrupt and data transfer
mode definition

WR2 Interrupt vector (accessedthrough either channel)

WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters and
modes

WR5 Transmit parameters and controls

WR6 Sync characters or SDLC address field

WR7 Sync characters or SDLC flag

WR8 Transmit buffer

WR9 Master interrupt control and reset (accessed
through either channel)

WR1Q | Miscellaneous transmitter/receiver control bits

WR11 | Clock mode control

WR12 | Lower byte of baud rate generator time constant

WR13 | Upper byte of baud rate generator time constant

WR14 | Miscellaneous control bits

WR15 | External/Statusinterruptcontrol

¢ SAMSUNG
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PROGRAMMING

The SCC contains write registers in each channel that are
programmed by the system separately to configure the
functional personality of the channels.

In the SCC, register addressing is direct for the data
registers only, which are selected by a High on the D/C pin.
In all other cases (with the exception of WR0 and RRO0)),
programming the write registers requires two write opera-

* tions and reading the read registers requires both a write
and read operation. The first write is to WR0 and contains
three bits that point to the selected register. The second
write is the actual control word for the selected register, and
ifthe second operation is read, the selected readregisteris
accessed.

All of the registers in the SCC, including the data registers,
may be accessed in this fashion. The pointer bits are
automatically cleared after the read or write operation so
that WRO (or RRO) is addressed again.

The system program first issues a series of commands to
initialize the basic mode of operation. This is followed by
other commands to qualify conditions within the selected

SERIAL COMMUNICATION CONTROLLER

Preliminary

mode. For example, the Asynchronous mode, character
length, clock rate, number of stop bits, even or odd parity
might be set first. Then the interrupt mode would be set,
and finally, receiver or transmitter enable.

Read Registers

The SCC contains eight read registers (actually nine,
counting the receive buffer (RR8) in each channel). Four of
these may be read to obtain status information (RR0, RR1,
and RR15). Two registers (RR12 and RR13) may be read
to learn the baud rate generator time constant. RR2
contains either the unmodified interrupt vector (Channel A)
or the vector modified by status information (Channel B).
RR3 contains the Interrupt Pending (IP) bits (Channel A).
Figure 9 shows the formats for each read register.

The status bits of RR0 and RR1 are grouped to simplify
status monitoring; e.g., when the interrupt vector indicates
a Special Receive Condition interrupt, all the appropriate
error bits can be read from a single register (RR1)

@samsuNG
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READ REGISTER 0

[EALACACACACACACA|

Rx CHARACTER AVAILABLE

ZERO COUNT
Tx BUFFER EMPTY

ocD
SYNC/HUNT
CTs

Tx UNDERRUN/EOM

READ REGISTER 1

[©7] Os]Ds [04 [0 [0, Oy Dy |

BREAK/ABORT

ALL SENT

RESIDUE CODE 2
RESIDUE CODE 1
RESIDUE CODE 0
PARITY ERRCR

Rx OVERRUN ERROR

CRC/FRAMING ERROR

READ REGISTER 2

[07] D6[0s [, [, ] D, Dy [0 |

END CF FRAME (SDLC)

INTERUPT VECTOR'

*Modified in B channel

READ REGISTER 3 /

[®2] 2605 [, [P5 [0, [0, [0, |

l— CHANNEL B EXT/STAT IP”

CHANNELB Tx IP ©
CHANNEL B Rx 1P"
CHANNEL A EXT/STAT 1P
CHANNELA Tx 1P’
CHANNEL A Rx [P

o

*Aways 0 in B channel

0

READ REGISTER 10
[®,]P6]Ps 0405 ]02]04 0, |

]

ON LOOP

[

o

LOOP SENDING

[}

TWO CLOCKS MISSING
ONE CLOCK MISSING

READ REGISTER 12

[®7] s [P T04]Pa P2 ]y [0, |

READ REGISTER 13

[®2]P6[Ps P4 04[22 [0, [0, ]

READ REGISTER 15

I'D7T Pﬁle|D4|DSIDZID'ID°j

TC,
TC,
TC,
TC3 | LOWERBYTE OF
TC, [ TIME CONSTANT
TCs
TCs

-1C,

TCq

TCq

TCyo
TCyy
TCyp
TCy3
TCy4
TCys

UPPER BYTE OF
TIME CONSTANT

0
ZERO COUNT tE
o

OCD IE

Figure 9 : READ REGISTER BIT FUNCTIONS

SYNC/HUNT IE

CTSIE

Tx UNDERRUN/EOM IE
BREAK/ABORT IE
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Write Registers ters (WR2 and WR9) shared by the two channels that may

The SCC contains 13 write registers (14 countingWR8, the D€ accessed through either of them. WR2 contains the
transmitbuffer) in each channel. These write registers are  interrupt vector for both channels, while WR9 contains the
programmed separately to configure the functional “per-  interrupt control bits. Figure 10 shows the format of each
sonality” of the channels. In addition, there are two regis-  Write register.

WRITE REGISTER 0

WRITE REGISTER 3
ALALALALA LI DI° [®21P6[Ps [Ba[53[P2]01 [ %6 ]
RxENABLE
? :sgg{:: ? SYNC CHARACTER LOAD INHIBIT
ADDRESS SEARCH MODE (BDLC!
0 [1 |0 |REGISTER2 | —__._i_l—nxcﬁc S SEAR,
:Eg::% ENTER HUNT MODE
REGISTER 5 - AUTO ENABLES
T REg::TE:: 0 | 0 [Rx5 BITSICHARACTER
0 10 |0 [REGISTER® | o | 1 [Ax7 BITSICHARACTER
o To |1 [REGISTER S 1 | 0 |Ax6 BITSICHARACTER
0_|REGISTER 10 WITH POINT 1 |1 [Rx8 BITSICHARACTER
REGISTER 11 HIGH
REGISTER 12 COMMAND
REGISTER 13 , WRITE REGISTER 4
REGISTER 14
] REGISTER 15 [©7] 6] Ps [24 ] 25 ]2 [5: [Ds |
0 | 0] o [NULLGODE
0 | 0 1 |POINTHIGH
0 | 1| 0 |RESET EXT/STATINTERRUPTS o T 0 Tovne VoD TaBE
0 [ 1| 1 |SEND ABORT (SDLC
1 | 0 [ 0 [ENABLE INT ON NEXT Rx CHARACTER ‘1’ ; :51'(5’: :;Téfr:/g::;igren
1] 0] 1 [RESET TxINT PENDING 2
1| 1] 0 |ERROR RESET | 1 | 1 |2 STOP BITSICHARACTER
1111 1 |RESET HIGHEST IUS o
0 [ 0 [NULLCODE 0 | 1 |16 BIT SYNC CHARACTER
0 1 | RESET Rx CRC CHECKER 1 0 | SDLC MODE (01111110 FLAG)
1| 0 |RESET Tx CRC GENERATOR 1 | 1 | EXTERNAL SYNC MODE
1| 1 |RESET Tx UNDERRUN/EOM LATCH
0 | 0 [x1CLOCK MODE
[ 1 [X 16 CLOCK MODE
1 | 0 |X32 CLOCK MODE '
WRITE REGISTER 1 T 7 [X64 CLOGK MODE

[©7] P[P [ 04 [B5 [0, [0, ] 5 |

WRITE REGISTER 5
EXT INT ENABLE.
[Tx INT ENABLE (D7 Be]Bs [Pa [P5 [Pz [Os [ Po ]
PARITY IS SPECIAL CONDITION e ENABE
0 | 0 [Rx INT DISABLE RTS
0 | 1 |Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION SOLC/CRC-16
1_|_O [INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION Tx ENABLE
1 | 1 |Rx INT ON SPECIAL CONDITION ONLY SEND BREAK
WAIT/OMA REQUEST ON RECEIVE/TRANSMIT 0 ] 0 [Tx 5BITS (OR LESS)/ICHARAGTER
WAIT/OMA REQUEST FUNCTION 0 | 1 [Tx7 BITSICHARACTER
WAIT/DMA REQUEST ENABLE 1 | o [Tx6 BITS/CHARACTER
T [ 7 [Tx & BITSICHARACTER
DTR
WRITE REGISTER &
WRITE REGISTER 2 : (551 [ [0 [02[0: ] %)
|
[EACACACACACACALEY|
C .,
v, —
:2 SYNC, | SYNGs | SYNGs | SYNC, | SYNG, | SYNCZ | SYNC, | SYNC, | MONOSYNC, 8 BITS
3 wgﬁgg” SYNG, | SYNG, | SYNC, | SYNC, | SYNCs | SYNG, | SYNC, | SYNC, | MONOSYNC,6 BITS
Ve SYNG, | SYNG, | SYNGs | SYNG, | SYNC, | SYNC, | SYNG, | SYNC, | BISYNG, 16 BITS
Ve SYNCs | SYNC, | SYNC, | SYNCo | 1 7 T T | BISYNC, 12 B1TS
Ve ADR, | ADRs | ADRs | ADR, | ADR; | ADRz | ADR, | ADR, | SDIC
vy ADR; | ADRs | ADRs | ADR, X X X X | SOLC (ADDRESS RANGE]

Figure 10 : WRITE REGISTER BIT FUNCTIONS
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WRITE REGISTER 7
[P7] Ds]Os [04]03 [D20; [0 ]
1
SYNC7 | SYNCg | SYNCs | SYNC, | SYNC3 | SYNC, | SYNC, | SYNC, | MONOSYNC, 8 BITS
SYNCg | SYNC, | SYNG, | SYNG, | SYNG, | SYNC, X X__| MONOSYNC, 6 8T8
SYNC 45 | SYNC 14| SYNC (3] SYNC 12 | SYNC 1| SYNG1o] SYNCy | SYNCs | BISYNC, 16BITS
SYNC 11 | SYNC1o| SYNCy | SYNCy | SYNC7 | 8YNCg | SYNCs | SYNC ¢ | BISYNG, 12BITS
0 1 1 1 1 1 1 0 SDLC
WRITE REGISTER 9 WRITE REGISTER 12
[EICACACAEACAEAEY [0,] D] O[04 [ 5] B2 [+ ] B
VIS - TCo
NV 1C,
R —
I
T ——————— TC, LOWER BYTE OF
STATUS HIGH/STATUS LOW TC, [~ TIME CONSTANT
S TCs
0 [ 0 [NORESET TCq
[0 ]t [cHANNEL RESET B 1,
1 | 0 |CHANNEL RESET A
1 | 1 [FORCE HARDWARE RESET
WRITE REGISTER 13
. [®7] 6] 25 P4 03[0, [P1] D6 ]
WRITE REGISTER 10
TCs
EIEAACACACAEREY I‘é’
10
6 BIT/BBIT SYNC TCyy UPPER BYTE OF
LOOP MODE TC,, TIME CONSTANT
ABORT/FLAG ON UNDERRUN TCy3
MARK/FLAG IDLE TCy4
GO ACTIVE ON POLL TCys
e ] ,
0 | 0 |NRZ
0| 1 NRZI WRITE REGISTER 14
1| 0 [FM1 (TRANSITION = 1)
7| 1 |FMO (TRANSITION = 0) [D7]06]0s [04 [P3 [0, [ D1 [Dq |
SAC PRESET 10 L [ercenemaTonEnaBLE
BR GENERATOR SOURCE
DTR/REQUEST FUNCTION
AUTO ECHO
WRITE REGISTER 11 LOCAL LOOPBACK
EACACACACACACA LS|
I : 0 | 0] 0 | NULL COMMAND
0 | 0 |TRxC OUT = XTAL OUTPUT 0 1 1 | ENTER SEARCH MODE
0 | 1 |TR«C OUT = TRANSMIT CLOCK 0 [ 1| 0 | RESET MISSING CLOCK
1 0 | TRxC OUT = BR GENERATOR OUTPUT| 0 1 1 | DISABLE DPLL
1] 1 |TRxC OUT = DPLL QUTPUT 1| 0| 0 | SET SOURCE = BR GENERATOR
1] 0] 1 | SET SOURCE = RTxC
1| 1| o | SETFM MODE
0 | 0 | TRANSMIT CLOCK = RIXGC PIN 1] 1] 1| SETNRZI MODE
0 | 1 | TRANSMIT CLOCK = TRXC PIN
1 0 | TRANSMIT CLOCK = BR GENERATOR OUTPUT
1 1 | TRANSMIT CLOCK = DPLL QUTPUT WRITE REGISTER 15
© [ RECEIVE CLOCK = RTxC PIN EACACACACAEAE
0 | 1 | RECEIVE CLOCK = TRxC PIN r" 5‘ SI .l :I 2] ,I‘]%_
1| 0 | RECEIVE CLOCK = BR GENERATOR OUTPUT, 9
1_|_1 | RECEIVE CLOCK = DPLL OUTPUT ZERO COUNT IE
_ > FIFO ENABLE
SYNC/HUNT IE
CTS IE
Figure 10 : WRITE REGISTER BIT FUNCTIONS " Tx UNDERRUN/EOM IE
BREAK/ABORT IE
——
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FIFO -
FIFO Enhancements

When used with a DMA controller, the Z85C30 FIFO
enhancement maximizes the SCC's ability to receive high
speed back-to-back SDLC messages while minimizing
frame overruns due to CPU latencies in responding to
interrupts.

Additional logic was added to the industry standard NMOS
SCC consisting of a 10 deep by 19 bit status FIFO, 14-bit
receive byte counter, and control logic as shown in Figure
16. The 10 x 19 bitstatus FIFO is separate from the existing
three byte receive data FIFO.

When the enhancement is enabled, the status in read
register 1 (RR1) and byte count for the SDLC frame will be
stored in the 10 x 19 bit status FIFO. This allows the DMA
controller to transfer the next frame into memory while the
CPU verifies the message was properly received.

Summarizing the operation, data is received, assembled,
loaded into the three byte receive FIFO before being
transferred to memory by the DMA controller. When a flag
is received at the end of an SDLC frame, the frame byte
countfrom the 14-bitcounter and five status bits are loaded

" into the status FIFO for verification by the CPU. The CRC
checker is automatically reset in preparation for the next
frame which can begin immediately. Since the byte count
and status are saved for each frame, the message integrity
can be verified at a later time. Status information for up to
10 frames can be stored before a status FIFO overrun
could occur.

FIFO Detail

Forabetter understandmg of details of the FIFO operation,
refer to the block diagram contained in Figure 11.

| «——— RESET ON FLAG DETECT
SCC STATUS REG | ¢——— INCREMENT ON BYTE DET
-~ (EXISTING) l l 14BITBYTECOUNTER |4—— ENABLE COUNT IN SDLC
soirs Niamrs END OF FRAME SIGNAL —
STATUS READ COMP
RESIDUE BITS (3} 5
GVERRUN
CRC ERROR TAIL POINTER
10 X 19 BIT FIFO ARRAY O COUNTER
HEAD POINTER
4BIT COUNTER
4BIT COMPARATOR
OVER EQUAL
5BITS -
EOF=1 L_E_N_‘I
A7 6BITS A BBITS
6 BIT MUX
A 2B1TS A6 BITS
BIT|BIT
Tom OT(E 5TS ey o FIFO ENABLE
INTERFACE TO $CC 1
T . WR(15) BIT 2
BYTE COUNTER CONTAINS 14 BITS FOR A L{ SET ENABLES
16 KBYTE MAXIMUM COUNT STATUS FIFO
FIFO DATA AVAILABLE STATUS BIT
L STATUS BIT SETTO 1
WHEN READING FROM FIFO
FIFO OVERFLOW STATUS BIT
' MSB OF RR(7) IS SET ON STATUS FIFO
OVERFLOW
N SDLC MODE THE FOLLOWING DEFINITIONS APPLY
L{+ ALL SENT BYPASSES MUX AND EQUALS CONTENTS OF SCC STATUS REGISTER

+ PARITY BITS BYPASSES MUX AND DOES THE SAME

« EOF IS SET TO 1 WHENEVER READING FROM THE FIFO

Figure 11 : SCC STATUS REGISTER MODIFICATIONS
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Enable/Disable

This FIFO is implemented so thatitis enabled when WR15
bit 2 is set and the SCC is in the SDLC/HDLC mode,
otherwise the status register contents bypass the FIFO
andgodirectly to the bus interface (the FIFOpointeriogicis
reset either when disabled or via a channel or power-on
reset). When the FIFO mode is disabled, the SCC is
completely downward-compatible with the NMOS 8530.
The FIFO mode is disabled on power-up (WR15bit 2 is set
to O on reset). The effects of backward compatibility on the
register set are that RR4 is an image of RRO, RR5 is an
image of RR1, RR6 is an image of RR2 and RR7 is an
image of RR3. For the details of the added registers, refer
to Figure 18. The status of the FIFO Enable signal can be
obtained by reading RR15bit 2. If the FIFO is enabled, the
bit will be setto 1; otherwise, itwill be reset.

Read Operation

When WR15bit 2is setand the FIFO is notempty, the next
read to any of status register RR1 or the additional regis-
ters RR6 and RR6 will actually be from the FIFO. Reading
status register RR1 causes one location of the FIFO to be
emptied, so status should be read after reading the byte
count, otherwise the count will be incorrect. Before the
FIFO underflows, itis disabled. In this case, the multiplexer
is switched to allow status to read directly from the status
register, and reads from RR7 and RR6 will contain bits that
are undefined. Bit 6 of RR7 (FIFO Data Available) can be
used to determine if status data is coming from the FIFO or
directly from the status register, since itis setto 1 whenever
the FIFO is not empty.

Since not all status bits must be stored in the FIFO, the All
Sent, Parity, and EOF bits will bypass the FIFO. The status
bits sent through the FIFO will be Residue Bits (3), Over-
run, and CRC Error.

The sequence for proper operation of the byte count and
FIFO logic is to read the registers in the following order:
RR7, RR6 and RR1 (reading RR6 is optional). Additional
logic prevents the FIFO from being emptied by multiple
reads from RR1. The read from RR7 latches trhe FIFO
empty/full status bit (bit 6) and steers the status multiplexer
to read from the SCC megacell instead of the status FIFO

e AT o oo e TeTE]

(1‘1‘??1‘1‘1‘{

INTERNAL BYTE STROBE
INCREMENTS COUNTER

INCREMENTS COUNTER

DONT LOAD RESET RESET RESET
COUNTER ON BYTE COUNTER BYTE COUNTER BYTE COUNTER
1ST FLAG LOAD COUNTER LOAD COUNTER
RESET BYTE INTO FIFO AND INTO FIFQ AND
COUNTER HERE INCREMENT PTR INCREMENT PTR

Figure 12: SDLC BYTE COUNTING DETAIL

(since the status FIFO is empty). The read from RR1 allows
an entry to be read from the FIFO (if the FIFO was empty,
logic is added to prevent a FIFO underflow condition).

Write Operation

When the end of an SDLC frame (EOF) has been received
and the FIFO is enabled, the contents of the status and
byte-count registers are loaded into the FIFO. The EOF
signalis used to incrementthe FIFO. ifthe FIFO overflows,
the MSB of RR7 (FIFO Overflow) is set to indicate the
overflow. This bit and the FIFO controt logic is reset by
disabling and re-enabling the FIFO control bit (WR15bit2).
For details of FIFO control timing uring an SDLC frame,
refer to Figure 12.

Byte Counter Detail

The 14-bit byte counter allows for packets up to 16K bytes
to be received. For a better understanding of its operation
refer to Figures 11 and 12.

Enable
The byte counter is enabled in the SDLC/HDLC mode.
Reset

The byte counter is reset whenever an SDLC flag charac-
ter is received. The resetis timed so that the contens of the
byte counter are successfully written into the FIFO.

Increment

The byte counter is incrementedby writes to the data FIFO.
The counter represents the number of bytes received by
the SCC, rather than the number of bytes transferred from
the SCC. (These counts may differ by up to the number of
bytes in the receive data FIFO contained in the SCC).

7 6 5 4 3 2 1 ]
BG[BC|BC|BC|BC] BC| READ FROM FIFO
RR7 IFOYIFDAI‘stlu lqol 9‘ 8 | MSB BYTE COUNT

FIFO DATA AVAILABLE STATUS
1= STATUS READS WILL COME FROM FIFO
0 = STATUS READS WILL COME FROM SCC

FIFO OVERFLOW STATUS
1 = FIFO OVERFLOWED DURING OPERATION
0 = NORMAL

7 6 5 4 3 2 1 0
ARE BC|BC{BC|BC|BC aclaclscl READ FROM FIFO
7]6|5]alaj2]1]0]|LSBBYTECOUNT

TR

STATUS FIFOQ ENABLE CONTROL BIT

1 = STATUS AND BYTE COUNT WILL BE
HELD IN THE STATUS FIFO UNTIL READ

0= STATUS WILL NOT BE HELD (SCC
EMULATION MOE).

»

WR15

* = NO CHANGE FROM NMOS SCC DFN

Figure 13 : SCC ADDITIONAL REGISTERS
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8V
+5V
v 21K )
FROM OQUTPUT 22K
UNDER TEST
v FROM OUTPUT
100 pf 250
"L "1
Figure 14: STANDARD TEST LOAD Figure 15: OPEN-DRAIN TEST LOAD
Table 3: CAPACITANCE (T,=25°C,Vp,=5Vi5%, Vgs=0V)
Test Limits
Symbol Parameter Conditions Min Max Units
Cy Input/Capacitance Unmeasured pins 10 pF
Cour Output Capacitance Returnedto V¢ 15 pF
Cwo Bidirectional Capacitance 20 pF
f=1MHz, over speqfﬁed temperature range.
Table 4 : RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage . +4.75V to +5.25V.
Operating Temperature Range [ Commercial 0°Cto70°C
Table 5: ABSOLUTE MAXIMUM RATINGS
Voltages on all pins with respectto V,, , -0.3Vio +7.0V
Power Dissipation (PD,,,..,) 165 mW
Operating Temperature (T, ) 0°Cto70°C
Storage Temperature (Tg; ) -65°CTO+150°C

Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not
implied. Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 6 : DCCHARACTERISTICS(T, -0°Cto 70 °C, V,,, =5V £ 10%)

Test Limits
Symbol Paraneter Conditions Min Max Units
locs lecSupply Current Clk =10 MHz 30 mA
I, Input Leakage Current 04<V, <+24V +10.0 pA
lo, Output Leakage Current 0.4<V 1 $+24V +10.0 HA
Viu - Input High Voltage 22 Vo +0.3 %
Vi Input Low Voltage -0.3 0.8 \)
Voni Output High Voltage lon=-1.6mA 2.4 ) v
Vore Output High Voltage loy=-250pA V0.8 v
Vou Output Low Voltage lo=+2.0mA 0.4 \
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Preliminary
Table7: ACCHARACTERISTICS (T, =0°Ct070°C, V,, = 5V +5%)
Limits
Test 6 MHz 8MHz 10MHz
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Units
TcPC PCLK Cycle Time 165 | 2000 | 125 | 2000 | 100 | 2000 | ns
TdA(DR) Address Required Valid to Read Data 280 ' 220 180 ns
Valid Delay
TdlAi(RD) INTACK to RD | (Acknowledge) Delay Note 5 200 150 125 ns
TdIEKIEO) |Elto IEO Delay Time 100 95 90 ns
TdPC(IEQ) | PCLK Tto IEO Delay 250 200 175 ns
TdPC(INT) | PCLK | toINT Valid Delay Note 4 500 500 500 ns
TdRDA(DR) ’gﬁl 1 (Acknowledge) to Read Data Valid 180 140 120 ns
elay
TARDA(INT) | RD ! to INT Inactive Delay Note 4 500 500 500 ns
TdRD(DRA) RD | to Read Data Active Delay 0 0 0 ns
TdRD(DRz) | RD Tto Read Data Float Delay Note 2 45 40 35 ns
TdRDf(DR) RD | to Read Data Valid Delay 180 140 120 ns
TdRDHREQ) | RD  to W/REQ Not Valid Delay 200 170 160 ns
TdRDr(DR) RD T to Read Data Not Valid Delay 0 0 0 ns
TdRDr(REQ) | RD Tto DTR/REQ Not Valid Delay 4TcPC 4TcPC 4TcPC| ns
TdRD(W) RD | Wait Valid Delay Note 4 200 170 160 ns
TdRD(WRQ) | RD Tto WR | Delay for No Reset 15 15 15 ns
TAWR(REQ) | WR | to W/REQ Not Valid Delay 200 170 160 ns
TdWRQ(RD) | WR Tto RD { Delay for No Reset 30 15 15 ns
TdWRr(REQ)| WR ! DTR/REQ Not Valid Detay 4TcPC 4TcPC 4TcPC| ns
TdWR(W) | WR J to Wait Valid Delay Note 4 200 170 1160 | ns
TiPC PCLK Fall Time 10 10 10 ns
ThA(RD) Address to RD T Hold Time 0 0 0 ns
ThA(WR) Address to WR T Hold Time 0 0 0 ns
ThCE(RD) | CEto RD T Hold Time Note 1 0 0 0 ns
ThCE(WR) | CEto WR T Hold Time 0 0 0 ns
ThDW(WR) | Write Datato WR T Hold Time 20 20 20 ns
ThIA(PC) INTACK to PCLK T Hold Time 100 40 30 ns
ThIA(RD) TNTACK to RD T Hold Time 0 0 0 ns
ThIA(WR) INTACK to WR T Hold Time 0 0 0 ns
ThIEI(RDA) IElto RD T (Acknowledge) Hold Time 0 0 0 ns
Tre Valid Access Recovery Time Note 3 4TcPC| 4TcPC 4TcPC | ns
TrPC PCLK Rise Time 10 10 10 ns
TsA(RD) Addressto RD | Setup Time 80 70 50 ns
TsA(WR) Address to WR | Setup Time 80 70 50 ns
TsCEh(RD) | CE Highto RD | Setup Time Note 1 70 60 50 ns
TsCEh(WR) | CE Highto WR | Setup Time 70 60 50 ns
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KS85C30 | SERIAL COMMUNICATION CONTROLLER

" Preliminary
Table7: AC CHARACTERISTICS *°
Limits
- Test 6 MHz 8MHz 10MHz
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Units
TsCEIRD) | CE Lowto RD | Setup Time Note 1 0 0 0 ns
TsCEWWR) | CE Lowto WR | Setup Time 0 0 0 ns
TsDW(WR) | Write Datato WR  Setup Time 10 10 10 T e
TslAi(RD) INTACK to RD ! Setup Time Note 1 160 145 130 T ne
TslAi(WR) INTACK to WR { Setup Time ‘Note 1 160 145 130 ns
TsIA(PC) INTACKto PCLK T Setup Time 20 - 20 20 ns
TsIEI(RDA) | IEIto RD | (Acknowledge) Setup Time 100 95 95 ns
TwPCh PCLK High Width 70 1000 | 50 1000 | 40 1000 ns
‘[ Twpct PCLK Low Width 70 | 1000 | 50 | 1000 | 40 | 1000 ns
TwRDA RD (Acknowledge) Width ) 200 .| 150 125 ns
TwRDI RD Low Width Note 1 200 .150 125 ns
TwRES WR and RD Coincident Low for Reset 200 150 100 ns
TWWARI WR Low Width 200 150 125 ns

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. . )
2. Float delay is defined as the time required for a £ 0.5V change at the output with a maximumdc load and minimum ac load.
3. Parameter applies only between transactions involving the SCC.
4. Open-drain output, measured with open-drain testload.

5. Parameter is system dependent. For any SCC in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC(IEO) for
the highest priority device inthe daisy chain, TsIEI(RDA) for the SCC, and TdIEH(IEO) for each device separatingtheminthe
daisy chain.

Figure 16 : TIMING DIAGRAMS

a) Reset Timing
1}
O N N oo
TdRD(WRQ) TdWRQ(RD)
TwWRES
s A xS

b) Cycle Timing

iA TWRES
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Preliminary
— - m—
c) Read and Write Timing
TWPC!
S N N S A S S D N
hem———ToPC— Twc—-l f— o le—Trec
TSA(WR) -
AB, DT el
ThAWR
t-—-TsAI(R>) TM(RD)_:H “IAF‘C,'
INTACK i K :F<
— ) THIA(WR)
TOAPC) [e—a] THIA(RD
| : )mm(no) RO — ThIA(PC)
x N , K
le——TsCEIWR)—s] [+ TscenwR) |
— p! K
R
D ‘ Xk JZ K—
P— TWAD ThCE(RD) SCEN(RO)
TsCENRD)
’ Y
Do-
Nerd TIRD(DRA}) LA:!): Xﬁ f
GRDN(DR) TARDHDR) i FrCEWR)
TAA(DR)
TN

WA KL TORD(DR2) J{Z K ><
»
4 K
WRITE

[e——TdWR(W)

TsDwL(VTFJ \k Th D‘VT(’JWR)
W/REQ
K|

WAIT

TIRDW)

1
W/REQ
REQUEST
M—TdWRI(REQ) -’
JR— TARDHREC |
DTR/REG
REQUEST
L———TdRDV(REO) —-]

. v
TIPC(NT) ———»]

falls, or if itrises before RD or WR rises, the effective RD or WR is shortened. Data must be valid before the falling edge of
WR.
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d) Interrupt Acknowledge Timing

TsIA(PC) TsIA(PC) hiA(PC)
INTACK ! 7|£ $<

- TIAI(RD) ﬂ
RD % 51 F
TwRDA |
TdROr(DR)
S i,

. "
Do - 0y < ACTIVE VALID

4—-TdRDA(DR)—>| TdRD(DR2)

ThIENRDA) 4—8

: %ﬂg - | TdPC(IEO) >¢ | K
P N
L—TGRDA(INT)——-—OI

" 4

TSIEIRDA}|
[+—>1

Note: Between the time INTACK goes Low and the falling edge of RD, the internal and external IE/IEO daisy chains settle. if
there is aninterrupt pendingin the SCC and IEIis High when RD falls, the Acknowledge cycle is intended for the SCC. In
this case, the SCC may be programmed to respond to RD Low by placing its interrupt vector on D,-D, and it then sets the
appropriate Interrupt-Under-Service latch internally.
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Table8 : ACCHARACTERISTICS, GENERAL TIMING (T, -0°Cto 70 °C, Vpp =5V 5%)
Limits
, Tost 6 MHz 8MHz 10MHz
Symbol Parameter Conditions | Min_,| Max, Min [ Max [Min |Max | Units

TeRTX RTxC Cycle Time (RxD, TxD) Notes 6,7 640 500 400 ns
TcRTXX Crystal Oscillator Period Note 3 165 | 1000 [ 125 | 1000 |, 100 | 1000 | ns

| TeTARX | | TRxC Cycle Time Notes 8,7 | 640 500 400 ns
| TdPC(REQ) | PCLK { to W/REQ Valid Delay 250 250 250 | ns
| TdPC(W) PCLK | to Wait Inactive Delay 350 350 350 ns
TATXCHTXD) | TxC L to TxD Delay (X1 Mode) Note 2 230 200 150 ns
TdTxCr(TXD) | TxC Tto TxD Delay (X1 Mode) Notes 2, 5 230 200 150 | ns
TdTXD(TRX) | TxDto TRxC Delay (Send Clock Echo) 200 200 200 ns
ThRXD(RXCf) | RxD to RxC { Hold Time (X1 Mode) Notes 1,5 | 150 150 150 ns
ThRXD(RXCr)| RxD to RxC T Hold Time (X1 Mode) Note 1 150 150 150 ns

1 ThsY(RXC) |SYNC to RxC THold Time 5TcPC 5TcPC 5TcPC ns
TsRXC(PC) |RxC Tto PCLK T Setup Time Notes1,4 | 70 |TwPCL| 60 |[TwPCL| 40 |TwPCL| ns

(PCLK + 4 case only)

TsRXD(RXCH) | RxD to RxC | Setup Time (X1 Mode) Notes 1,5 0 0 0 ns
’i’sRXD(RXCr) RxD to RxC T Setup Time (X1 Mode) Note 1 0 0 0 ns
TsSY(RXC) | SYNCto RxC T Setup Time Note 1 -200 -200 -200 ns
TsTXC(PC) | TxC | to PCLK T Setup Time Notes 2,4 0 0 0 ns
TWEXT DCD or CTS Pulse Width 200 200 200 ns
TwRTXh ATxC High Width Note 6 180 150 150 ns
TwRTX RTxC Low Width Note 180 150 150 ns
TwSY SYNC Pulse Width 200 200 200 ns
TwTRXh TRXC High Width Note 6 180 150 150 ns
TwTRXI TRxC Low Width Note & 180 150 150 ns

I
Notes: 1.RxCis RTxC or TRxC, whichever is supplying the receive clock.
2.TxC is TRxC or RTxC, whichever is supplying the transmit clock.
3. Both RTxC and SYNC have 30 pf capacitors to ground connected to them. i

4. Paramater applies only ifthe datarate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and
PCLK or TxC and PCLK is required.

5. Parameter applies only to FM encoding/decoding.

6. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to case
PCLK requirements.

7. The maximum receive or transmit datais '/, PCLK.

—— ——————— — —
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Figure 17 : GENERAL TIMING
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Table9: ACCHARACTERISTICS, SYSTEM TIMING (T, - 0°Ct0 70 °C, V,, = 5V + 5%)

Limits
Test 6 MHz 8MHz 10MHz

Symbol Parameter Conditions MInT_Max WMnx Min | Max | Units
TAEXT(INT) | DCDor CTS Transitionto INT ValidDelay |  Note 1 2 6 2| 8 2 6 TcPC
TdRXC(INT) | RxC T10INT Valid Delay Notes1,2 | 10 | 16 10 16 | 10 | 16 | TePC
TdRXC(REQ)| RxC Tto W/REQ Valid Delay Note 2 8 | 12 8 | 12 8 12 | TePC
TdRXC(SY) | RxC Tto SYNC Valid Delay Note 2 4| 7 4| 7 4 7 TcPC
TdRXC(W) | RxC TtoWai* Inactive Delay Notes1,2 | 8 | 14 8 | 14 8 14 | TcPC
TdSY(INT) SYNC Transition to INT Valid Delay Note 1 2 [ 2 6 2 6 TePC
TdTXC(DRQ) | TxC | to DTR/REQ Valid Delay Note 3 4| 7 4 | 7 4 7 | TePC
TATXC(INT) | TxC L to INT Valid Delay Notes 1,3 6 | 10 6 | 10 6 10 | TePC
TdTXC(REQ) | TxC { to W/REQ Valid Delay Note 3 5 8 5 8 5 8 TcPC
TdTXC(W) TxC L to Wait Inactive Delay Notes 1,3 5 11 5 11 5 1 TePC

Notes: 1.0Open-drain output, measured with open-draintest load.
2. BxC is ATxC or TRxC, whichever is supplying the receive clock.
3.TxC is TRXC or RTxC, whichever is supplying the transmit clock.
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Figure 18 : SYSTEM TIMING"
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PACKAGE DIMENSIONS

Figure 19: 44-Pin PLCC
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Figure 20 : 40-Pin DIP
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ORDERING INFORMATION and PRODUCT CODE

KS 85C30- X X X

Samsung
Semiconductor, Inc. B
Packaging

P - Plastic DIP

L - Plastic Leaded Chip Carrier (PLCC)

Part Number i—

Speed

. £’°§ MHz | Temperature

-8 8MHz | C - Commercial (0°Cto +70°C)
-10 10 MHz

Samsung products are designated by a Product Code. When ordering, refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact Samsung Microprocessor Marketing.
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A.

FAX: (818) 346-6621

CALIFORNIA ILLINOIS MASSACHUSETTS TEXAS
22837 Ventura Blvd. | 2700 Augustine Drive 901 Warrenville Road | 20 Burlington Mall Road | 15851 Dallas Parkway
Suite 305 Suite 198 Suite 120 Suite 205 Suite 745
Woodland Hills, CA | Santa Clara, CA 95054 | Lisle, IL 60532-1359 | Burlington, MA 01803 Dallas, TX 75248-3307
91367 (408) 727-7433 (312) 852-2011 (617) 273-4888 (214) 239-0754
(818) 346-6416 FAX: (408) 727-5071 FAX:(312) 852-3096 | FAX:(617)273-9363 FAX:(214) 392-4624

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

U.S.A. and CANADA

ARIZONA

HAAS & ASSOC. INC.
77441 East Butherus Drive
Suite 300

Scottsdale,AZ 85260

CALIFORNIA

QUEST REP INC.
9444 Farnham St.
Suite 107

San Diego,CA 92123

SYNPAC

3945 Freedom Circle
Suite 650

Santa Clara,CA 95054

WESTAR REP COMPANY
2472 Chambers Road
Suite 100

Tustin, CA 92680

WESTAR REP COMPANY
25202 Crenshaw Bivd.
Suite 217

Torrance, CA 90505

CANADA

TERRIER ELEC.

145 The West Mall
Etobicoke, Ontario, Canada
MSC 1C2

TERRIER ELEC.

3700 Gilmore Way, 106A
Burnaby, B.C., Canada
V5G 4M1

TERRIER ELEC.

6600 Transcanadienne

Suite 750-17

Pointe Claire, Quebec, Canada
HIR 452

TEL: (602) 998-7195
FAX: (602) 998-7869

TEL: (619) 565-8797

FAX: (619) 565-8990

TEL: (408) 988-6988
FAX: (408) 988-5041

TEL{(714) 832-3325
FAX: (714) 832-7894

TEL: (213) 539-2156
FAX: (213) 539-2564

TEL: (416) 622-7558
FAX: (416) 626-1035

TEL: (604) 433-0159
FAX: (604) 430-0144

TEL: (514) 695-4421
FAX: (514) 695-3295

COLORADO

CANDAL INC.

7500 West Mississippi Ave.
Suite A-2

Lakewood, CO 80226

CONNECTICUT

PHOENIX SALES
257 Main Street
Torrington,CT 06790

FLORIDA

MEC

700 W. Hillsboro Blvd.
Bidg. 4, Suite 204
Deerfield Beach, FL 33441

MEC
511 Carmiage Road

TEL: (303) 935-7128
FAX: (303) 935-7310

TEL: (203) 496-7709
FAX: (203) 496-0912

TEL: (305) 426-8944
FAX: (305) 426-8799

TEL: (407) 332-7158
(407) 773-1100

Indian Harbour Beach, FL 32937 FAX: (407) 830-5436

MEC

830 North Atlantic Blvd.
Suite B401

Cocoa Beach, FL 3293t

MEC
1001 45th, N.E.
St. Petersburg, FL 33703

ILLINOIS

IRI
8430 Gross Point Road
Skokie,IL 60076

INDIANA

STB & ASSOC. INC.
3003 E. 96th St.
Suite102
Indianapolis,IN 46240

MARYLAND

ADVANCED TECH SALES

809 Hammonds Ferry Rd.
Suite D

Linthicum,MD 21090

TEL: (407) 799-0820
FAX: (407) 799-0923

TEL: (813) 522-3433
FAX: (813) 522-3993

TEL: (312) 967-8430
FAX: (312) 967-5903

TEL: (317) 844-9227
FAX: (317) 844-1904

TEL: (301) 789-9360
FAX: (301) 789-9364
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MASSACHUSETTS

NEW TECH SOLUTIONS, INC.
111 South Bedford Street

Suite 102
Burlington, MA 01803

MICHIGAN

JENSENCB. |
2145 Crooks Rd.
Troy,Mi 48084

MINNESOTA

IRI
1120 East 80th Street

Bloomington, MN 55420 FAX:

NEW JERSEY

NECCO

2460 Lemoine Avenue
Ft. Lee,NJ 07024

NEW MEXICO
S.W. SALES, INC.

7137 Settlement Way, N.W.

Albuquerque, NM 87120
NEW YORK

T-SQUARE
6443 Ridings Road
Syracuse, NY 13206

T-SQUARE

7353 Victor-Pittsford Road

Victor, NY 14564
NORTH CAROLINA

GODWIN & ASSOC.
1100 Logger Ct.
Suite B 102

Raleigh, NC 27609

‘GODWIN & ASSOCIATES

2812 Oak Leigh Drive
Charlotte, NC 28213

OHIO

BAILEY, J.N. & ASSOC.

129 W. Main Street
New Lebanon,OH 45345

BAILEY, J.N. & ASSOC.
2679 Indianola Avenue
Columbus,OH 43202

BAILEY, J.N. & ASSOC.

1667 Devonshire Drive
Brunswick,OH 44212

} . .

TEL: (617) 220-8888
FAX: (617) 220-1614

TEL: (313) 643-0506
FAX: (313) 643-4735

TEL: (612) 854-1120
(612) 854-8312

TEL: (201) 461-2789
FAX: (201) 461-3857

TEL.: (505) 899-9005

TEL: (315) 463-8592
FAX: (315) 463-0355

TEL: (716) 924-9101
FAX: (716) 924-4946

TEL: (919) 878-8000
FAX: (919) 878-3923

TEL: (704)549-8500
FAX: (704) 549-9792

TEL: (513) 687-1325
FAX: (513) 687-2930

TEL: (614) 262-7274
FAX: (614) 262-0384

TEL: (216) 273-3798
FAX: (216) 225-1461

OREGON

EARL & BROWN CO.
9735 S.W. Sunshine Ct.
Suite500

Beaverton,OR 97005

PENNSYLVANIA

RIVCO JANUARY INC.
RJI Building

78 South Trooper Road
Norristown,PA 19403

PUERTO RICO

DIGIT-TECH
P.O. Boz 1945
Calle Cruz #2

Bajos, San German 00763

TEXAS

S.W. SALES INC.
2267 Trawood, Bldg. E3
El Paso, TX 79935

VIELOCK ASSOC.
720 E. Park Bivd.
Suite102

Plano, TX 75074

VIELOCK ASSOC.
9600 -Great Hills Trail
Suite150-W
Austin, TX 78759

UTAH

ANDERSON & ASSOC.
270 South Main, #108
Bountifut, UT 84010

VIRGINIA

TEL: (503) 643-5500
FAX: (503) 644-9230

TEL: (215) 631-1414
FAX: (215) 631-1640

TEL: (809) 892-4260
FAX: (809) 892-3366

TEL: (915) 594-8259
FAX: (915) 592-0288

TEL: (214) 881-1940

FAX: (214) 423-8556

TEL: (512) 345-8498
FAX: (512) 346-4037

TEL: (801) 292-8991
FAX: (801) 208-1503

" ADVANCED TECHNOLOGY SALES, INC.

406 Grinell Drive
Richmond, VA 23236

FAX: (804) 320-8761

WASHINGTON

EARL & BROWN CO.
2447-A 152nd Ave. N.E.
Redmond,WA 98052

WISCONSIN

IRI
631 Mayfair
Milwaukée, Wi 53226

TEL: (804) 320-8756

TEL: (206) 885-5064
FAX: (206) 885-2262

TEL: (414) 259-0965
FAX: (414) 259-0326
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE

SAMSUNG
SEMICONDUCTOR
EUROPE GmbH
Mergenthaler Allee 38-40
D6236 Eschborn

(West Germany)

Tel: 06196/9009-0

Fax: 0196/9009-89

PARIS
Centre d'Affaires La
Boursidiere RN 186, Bat.

" Bourgogne, BP 202
F-82357 Le Plessis-Robinson
(France)

Tel: 1/40 94 07 00
Fax: 1/40 94 02 16

| Tel: 2/61 32 888

MILANO
Viale G. Matteotti, 26
1-200956 Cusano Milanino

(italy)

Fax: 2/61 92 279

MUNCHEN

Cerl-Zeiss-Ring 4,

D-8045 Ismaning

(West Germany)

Tel: 089/96 48 30
+ 089/96 48 38

Fax:

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

EUROPE

AUSTRIA

SATRON HANDELSGES.
MBH

Hoffmeistergasse 8-10/1/5
A-1120 Wien

BELGIUM

C & S ELECTRONICS NV
Heembeekstraot 111
D1100

DENMARK

MER-EL
Ved Klaedebo 18
DK-2907 Horshiom

FINLAND

INSTRUMENTARIUM
ELEKTRONNKKA
P.O. Box 64, Vitikka 1
SF-02631-ESPOO
Helsinki

FRANCE

ASIA MOS (OMNITECH
ELCCTRONIQUE)
Ratiment Evolic 1 165,
Boulevard De Vaimy
F-92705 Colombes

TEL:
FAX:
TLX:

0043-222-87 30 20
0043-222-83 35 83
047-753 11 851

TEL:
FAX:
TLX:

0032-2-7 25 09 00
0032-2-7 25 08 13
046-25820

TEL:
FAX:
TLX:

0046-157 100
045-257 22 99
37360 MEDEL DK

TEL:
FAX:
TLX:

00358-0-5 28 43 20
00308-0-502 10 73
057-12 44 26

0033-1-47 60 12 47
0033-1-47 60 15 82
042-61 38 90

TEL:
FAX:
TLX:

SONEL-ROHE (SCAIB)
6, Rue Le Corbusier

Silic 424

F-94583 Rungis Cedex

GERMANY (WEST)

SILCOM ELECTRONICS
VERTRIEBS GmbH
Neusser Str. 336-338
D-4050 Monchengladbach

TERMOTROL GmbH
Pilotystr. 4
D-8000 Munchen 22

ING. THEO HENSKES
GmbH

Laatzener Str. 19
Postfach 72 12 26

D 3000 Hannover 72

ASTRONIC GmbH
Grunwalder Weg 30
D-8024 Deisenhofen

MSC-MICROCOMPUTERS
SYSTEMS COMPONENTS
VERTRIEBS Gmbh
Industriestrabe 16

Postfach 1380

D-7513 Stutensee 3

TEL:
FAX:
TLX:

0033-1-46 86 81 70
0033-1-45 60 55 49
042-20 69 52

TEL:
FAX:
TLX:

(49)-0-2161-8 07 62
(49)-0-2161-65.16 38
85 21 89

TEL:
FAX:
TLX:

(49)-0-89-23 0 52 52
(49)-0-89-23 0352 98
17898453

TEL:
FAX:
TLX:

(49)-0-511-86 50 75
(49)-0-511-87 60 04
92 35 09

TEL:
FAX:
TLX:

(49)-0-89-61 30 303
(49)-0-89-61 31 66 8
5216187

TEL:
FAX:
TLX:

(49)-0-7248-70 75
(49)-0-7249 79 93
1772 49 11
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

MICRONETICS GmbH
Wail Dur Stadtor Str. 45
D-7253 Renningen 1

ITALY

DIS. EL. SPA
Via Aia Di Stura 71/18
1-10148 Torino

MOXEL S.R.L.
Via C. Frova, 34
1-2092 Cinisello Balsamo

NETHERLANDS

MALCHUS BV HANDEIMIJ.
Fokkerstraat 511-513
Postbus 48

NL-3125 BD Schiedam

NORWAY
SEMI DEVICES A/S
Asenveien 1
N-1400 Ski

PORTUGAL
NIPOSOM-J. NABAIS LTD.
R. Casimiro Freire 9A
P-1900 Lisboa

SPAIN

SEMITRONIC S.A.
C/Maria Lombilto, 14
E 28077 Madrid

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

- TEL:
FAX:
TLX:

* TEL:
"FAX:
TLX:

TEL:

TEL:
FAX:
TLX:

TEL:
FAX:

(49)-0-7159-60 19
(49)-0-7 159 51 19
72 47 08 :

0039-1-12201522/25
0039-1-12 16 59 15
043-21 51 18

0039-2-61 29 05.21
003¢-2-6 17 25 82
043-35 20 45

0031-10-427 77 77
0031-10-4 15 48 67
044-2 15 98

0047-9-87 65 60

00351-1-89-66 10
00351-80 95 17
0404-1 40 28

0034-1-320 21 60 61
0034-1-320 21 98

e ——

SEMICONDUCTORES S.A.

Ronda General Mitre
240 Bjs
E-08006 Barcelona

SWEDEN

MIKO KOMPONENT AB

Segersbwagen 3
P.O. Box 2001
8-14502 Norsborg

SWITZERLAND
PANATEL AG

Grundstr. 20
CH-6343 Rotkreuz

UNITED KINGDOM

KORD DISTRIBUTION

LTD. ‘

Watchmoor Road. Camberley

Surrey GU153AQ.

BYTECH LTD.

2 The Western Centre,
Western Road,
Bracknell Berkshire
RG121RW

ITT MULTI COMPONENTS

346 Edinburgh Avenue
Slough SL1 4TU

NELTRONIC LIMITED

John F. Kennedy Road.
Naas Road. Oublin 12,
frefand

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

TEL:

TLX:

TEL:

TLX:

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

0034-3-2 17 23 40
0034-3-2 17 65 98
052-9 77 87

0046-753-89 08 0
0046-753-76 34 0
054-150 23

0041-42 64 30 30
0041-42 64 30 35
045-86 87 63

0276 685741
859919 KORDIS G.

Sales 0344 482211
Account/Admin 0344
424222
848215

0753 824212
0753 824160
849804

(01) 503560
(01) 552789
93556 NELT El
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ASIA
HONG KONG

AV. CONCEPT LTD.
Rm. 802-804, Tower A,
Hunghom Comm, Centre,
37-39 Ma Tau Wai Road
Hunghom, Kin, H.K.

PROTECH COMPONENTS
LTD.

Flat 3, 10/F., Wing Shing Ind.
Bldg., 26Ng Fong Street, San
Po Kong, Kowloon, Hong
Kong

TAIWAN

YOSUN INDUSTRIAL
COPR.

Min-Sheng Commercial Bidg.,
10F No. 481 Min-Sheng East
Rd., Taipei, Taiwan, R.O.C.

KENTOP ELECTRONCIS
CO., LTD.

3/F, Nbr 22., Sec-2, Chung
Cheng Rd., Shin-Lin, Taipei,
Taiwan, R.O.C.

KINREX CORP
2nd. Fl., 514-3

Tun Hwa S.Rd.,
Taipei, Taiwan, R.O.C.

JAPAN

ADO ELECTRONIC
INDUSTRIAL CO., LTD.
7th Fl., Sasage Bldg., 4-6
Sotokanda 2-Chome Chiyoda-
ku, Tokyo 101, Japan

INTERCOMPO INC.
Ihi Bldg., 1-6-7, Shibuya,
Shibuya-ku, Tokyo 150 Japan

CHEMI-CON
INTERNATIONAL COPR.
Mitauya Toranomon Bldg.,
22-14, Toranomon 1 Chome
Minato-ku, Tokyo 105, Japan

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

TEL:

FAX:
TLX:

TEL:

FAX:

TEL:

FAX:
TLX:

TEL:
FAX:

TEL:
FAX:

TEL:
FAX:

3-629325
3-7643108
52362 ADVCC HX

3-3522181
3-3523759
38396 PTLD HX

011-886-2-501-
Q770~9
001-886-2-503-1278
26777 YOSUNIND

001-886-2-832-
5800/5802
001-886-2-832-5521

001-886-2-700-4686
~g
001-886-2-704-2482
20402 KINREX

03-257-1618
03-257-1579

03-406-5612
04-409-4834

03-508-2841
03-504-0566

TOMEN ELECTRONICS
COPR.

1-1, Uschisaiwai-cho 2
Chome Chiyoda-ku, Tokyo,
100

DIA SEMICON SYSTEMS
INC.

Wacore 64 1-37-8,
Sangenjaya, Setagaya-ku,
Tokyo 154 Japan

RIKE! CORP.

Nichimen Bldg., 2-2-2,
Nakanoshima, Kita-ku, Osaka
530 Japan

SINGAPORE

GEMINI ELECTRONICS
PTE LTD.

100, Upper Cross Street
#09-08 OG Bldg. Singapore
0105

INDIA

COMPONENTS AND
SYSTEMS MARKETING
ASSOCIATES (INDIA)
PVT. LTD.

100, Dadasaheb Phalke
Road, Dadar, Bombay 400
014

TURKEY

ELEKTRO SAN. VE TIC.
KOLL. STI.

Hasanpasa, Ahmet Rasim Sok
No. 16 Kadikdy istanbul-
Turkey

THAILAND

VUTIPONG TRADING
LTD., PART.

51-53 Pahurat Rd. (Banmoh)
Bangkok 10200 THAILAND

TEL:
FAX:

TEL:
FAX:

TEL:
: 06-222-1185

TEL:
FAX:
TLX:

TEL:
: 4112546
TLX:

TEL:
FAX:
TLX:

TEL:

FAX:
TLX:

03-506-3473
03-506-3497

03-487-0386
03-487-8088

06-201-2081

65-5351777
65-5350348
RS 42819

4114585

001-4605 PDT IN

337-2245
336-8814
29569 elts tr

221-9699 3641
223-4608
224-0861

87470 Vutipong TH
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SAMSUNG SEMICONDUCTOR. REPRESENTATIVES

KOREA

NAEWAE ELECTRIC CO.,
LTD.

#751-33, Daelim-dong
Youngdeungpo-ku,

Seoul, Korea

Cable: “ELECONAEWAE"
Seoul

SAMSUNG
LIGHT-ELECTRONICS
CO., LTD.

4th Fl. Room 2-3, Electroncis
Main Bidg., #16-9,
Hankangro-3ka, Yongsan-ku,
Seoul, Korea

TEL:- 646-9101-9
FAX: 844-3001
C.P.O. Box 1409
Sewoon Store: 277-0767
Pusan Branch:

(051) 808-7425
Youngsan: 701-7341-5

TEL: 718-0045,
718-9531-5
FAX: 718-9536

NEW CASTLE
SEMICONDUTOR CO.,
LTD.

4th Fl. Room 10-11, Elec-
tronics Main Bldg., #16-9,
Hankangro-3ka, Yongsan-ku,
Seoul, Korea

HANKOOK SEMICON-
DUCTOR

#1054-9, Namhyung-dong,
Kwanak-ku, Seoul, Korea

SEG YUNG INTERISE
CORP.

#21-301, Suninbldg, 16-1,
Hankangro-2ka, Yongsan. ku,
Seoul, Korea

TEL:
FAX:

TEL:
FAX:

TEL:

FAX:

718-8531-4
718-8535

588-2981-4
588-2980

701-6811-6,
701-6781-4
701-6785
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

ALABAMA

HAMMOND
4411-B Evangel Circle, N.W.
Huntsville, AL 35816

ARIZONA

ADDED VALUE

7741 East Gray Road
Suite #9

Scotisdale, AZ 85260

CYPRESS/RPS
2164 E. Broadway Road #310-8
Tempe, AZ 85282

CALIFORNIA

ADDED VALUE

3320 East Mineral King
Unit D

Visalia, CA 93291

ADDED VALUE
1582 Parkway Loop
Unit G

Tustin, CA 92680

ADDED VALUE
6397 Nancy Ridge Road
San Diego, CA 92121

ADDED VALUE
31194 La Baya Drive, #100
Westlake Village, CA 91362

ALL AMERICAN
369 Van Ness Way #701
Torrance, CA 90501

BELL MICRO PRODUCTS
~18350 Mt. Langley
Fountain Valley, CA 92708

BELL MICRO PRODUCTS
550 Sycamore Drive
Milpitas, CA 95035

CYPRESS/RPS
6230 Descanso Avenue
Buena Park, CA 90620

CYPRESS/RPS
10054 Mesa Ridge Ct
Suite118

San Diego, CA 92121

CYPRESS/RPS
2175 Martin Avenue
Santa Clara, Ca 95050

CYPRESS/RPS
21550 Oxnard, #420
Woodland Hills, CA 91367

(205) 830-4764

(602) 951-9788

(602) 966-2256

(209) 734-8861

(714) 259-8258

(619) 558-8890 °

(818) 889-2861
(800) 669-8300
(714) 963-0667
(408) 434-1150
(714) 521-5230

(619) 535-0011

(408) 980-8400

(818) 710-7780

JACO
2260 Townsgate Road
Westlake Village, CA 91361

JACO .
2880 ZANKER ROAD
SUITE 202

SAN JOSE, CA 95134

JACO
23-441 South Pointe Drive
Laguna Hills,, CA 92653

MICRO GENESIS
2880 Lakeside Drive
Santa Clara, CA 95054

CANADA

ELECTRONIC WHOLESALERS
1935 Avenue De L'Eglise
Montreal,Quebec,Canada

H4E 1H2

PETERSON,C.M

220 Adelaide Street North
London,Ontario,Canada
N6B 3H4

SAYNOR VARAH

99 Scarsdale Road
Don’Mills, Ontario, Canada
M3B 2R4

SAYNOR VARAH
1-13511 Crestwood Place
Richmond, B.C., Canada
VeV 2GS

WESTBURNE IND.ENT.LTD.
300 Steeprock Drive
Downsview,Ontario,Canada
M3J 2w9

COLORADO

ADDED VALUE
4090 Youngfield
Wheat Ridge, CO 80033

CYPRESS/RPS
12503 E. Euclid Drive
Englewood, CO 80111

CONNECTICUT

ALMO ELECTRONICS
31 Village Lane
Wallingford, CT 06492

JACO
384 Pratt Street
Meriden, CT 06450

(805) 495-9998

(408) 432-9290

(714) 837-8966

(408) 727-5050

(514) 769-8861

(519) 434-3204

(416) 445-2340

(604) 273-2911

(416) 635-2950

(303) 422-1701

(303) 792-5829

(203) 288-6556

(203) 235-1422
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

JV
690 Main Street
East Haven, CT 06512

FLORIDA

ALL AMERICAN
16251 N.W. 54th Avenue
Miami, FL 33014

HAMMOND
6600 N.W. 21st. Avenue
Fort Lauderdale, FL 33309

HAMMOND
1230 W. Central Bivd
Orlando, FL 32802

MICRO GENESIS
2170 W. State Road 434 #324
Longwood, FL 32779

GEORGIA

HAMMOND

5680 Oakbrook Parkway
#160

Norcross, GA 30093

QUALITY COMPONENTS
6145 Northbelt Parkway
Suite B

Norcross, GA 30071

ILLINOIS

GOOLD
101 Leland Court
Bensenville, IL 60106

QPs
101 Commerce Dr. #A
Schaumburg, IL 60173

INDIANA

ALTEX
12744 N. Meridian
Carmel; IN 46032

CHELSEA INDUSTRIES
8465 Keystone Crossing, #115
Indianapolis, IN 46240

MARYLAND

ALL AMERICAN
1136 Taft Street
Rockville, MD 20853

ALMO ELECTRONICS
8309B Sherwick Court
Jessup, MD 20794

GENERAL RADIO SUPPLY
6935L Qakland Mills Road
Columbia, MD 21045

(203) 469-2321

(305) 621-8282

(407) 973-7103
(407) 849-6060

(407) 869-9989

(404) 449-1996

(404) 449-9508

(312) 860-7171

(312) 884-6620

(317) 848-1323

(317) 253-9065

(301) 251-1205

(301) 953-2566

(301) 995-6744

(Continued)

JACO

Rivers Center

10270 Old Columbia Road
Columbia, MD 21046

MASSACHUSETS

ALMO ELECTRONICS
60 Shawmut Avenue
Canton, MA 02021

GERBER
128 Camegie Row

" Norwood,MA 02062

JACO
222 Andover Street
Wilmington,MA 01887

MICHIGAN

CALDER
4245 Brockton Drive
Grand Rapids, Ml 49508

CHELSEA INDUSTRIES
34443 Schoolcraft
Livonia, MI 48150

MINNESOTA

ALL AMERICAN
11409 Valley View Road
Eden Prairie, MN 55344

CYPRESS/RPS
7650 Executive Drive
Eden Prairie, MN 55344

VOYAGER
5201 East River Road
Fridley, MN 55421

MISSOURI

CHELSEA INDUSTRIES
2555 Metro Blvd
Maryland Heights, MO 63043

NEW JERSEY

ALMO ELECTRONICS
12 Connerty Court
East Brunswick, NJ 08816

GENERAL RADIO SUPPLY
600 Penn St. @ Bridge Plaza
Camden, NJ 08102

JACO

Ottilio Office Complex
555 Preakness Avenue
Totowa, NJ 07512

(301) 995-6620

(617) 821-1450
(617) 329-2400

(617) 273-1860

(616) 698-7400

(313) 525-1155

(612) 944-2151
(612) 934-2104

(612) 571-7766

' (314) 997-7709

(201) 613-0200

(609) 964-8560

(201) 942-4000
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

NEW YORK

ALL AMERICAN
33 Commack Loop
Ronkonkoma, NY 11779

CAM/RPC

2975 Brighton Henrietta TL Road

Rochester, NY 14623

JACO
145 Oser Avenue
Hauppauge, NY 11788

MICRO GENESIS
90-10 Colin Drive
Holbook, NY 11741

NORTH CAROLINA

QUALITY COMPONENTS
3029-105 Stonybrook Drive
Raleigh, NC 27604

DIXIE
2220 South Tryon Street
Charlotte, NC 28234

HAMMOND
2923 Pacific Avenue
Greensboro, NC 27420

RESCO/RALEIGH
Hwy. 70 West & Resco Court
Raleigh, NC 27612

OHIO

CAM/RPC
749 Miner Road
Cleveland, OH 44143

CAM/RPC
15 Bishop Drive #104
Westerville, OH 43081

CAM/RPC

7973-B Washington Woods Drive

Centerville, OH 45459

CHELSEA INDUSTRIES
10979 Reed Hartman Highway
#133

Cincinnati, OH 45242

CHELSEA INDUSTRIES
1360 Tomahawk
Maumee, OH 43537

SCHUSTER
11320 Grooms Road
Cincinnati, OH 45242

(516) 981-3935

(716) 427-9999

(516)-273-5500

(516) 472-6000

(919) 467-4897

(704) 377-5413

(919) 275-6391

(919) 781-5700

(216) 461-4700

(614) 888-7777

(513) 433-5551

(513) 891-3905

(216) 893-0721

(513) 489-1400

(Continued)

SCHUSTER (216) 425-8134
20570 East Aurora Road
Twinsburg, OH 44087

OKLAHOMA

QUALITY COMPONENTS (918) 664-8812
3158 S. 108th East Avenue

Suite 274

Tulsa, OK 74146

OREGON

CYPRESS/RPS (503) 641-2233
15075 S.Koli Parkway

Suite D

Beaverton, OR 97006

PENNSYLVANIA

ALMO ELECTRONICS (215) 698-4003
9815 Roosevelt Bivd.
Philadelphia, PA 19114

CAM/RPC (412) 782-3770
620 Alpha Drive
Pittsburgh, PA 15238

ALMO ELECTRONICS (412) 776-9090
220 Executive Drive
Mars, PA 16046

SOUTH CAROLINA

DIXIE (803) 297-1435
4909 Pelham Road
Greenville, SC 29606

DIXIE (803) 779-5332
1900 Barnwell Street
Columbia, SC 29201

HAMMOND (803) 233-4121
1035 Lowndes Hill Rd.
Greenville, SC 29607

TEXAS

ADDED VALUE (214) 404-1144
4470 Spring Valley Road
Dallas, TX 75244

ADDED VALUE (512) 454-8845
6448 Highway 290 East

#A103

Austin, TX 78723

ALL AMERICAN (214) 231-5300
1819 Firman Drive, #127
Richardson, TX 75081

CYPRESS/RPS (214) 869-1435
156 W. Northwest Highway
Dallas, TX 76220

Electronics
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

JACO
1209 Glenville Drive
Richardson, TX 75080

MICRO GENESIS
9221 LBJ Freeway, #220
Dallas, TX 75243

OMNIPRO
4141 Billy Mitchell
Dallas, TX 75244

QUALITY COMPONENTS
4257 Kellway Circle
Addison, TX 75244

QUALITY COMPONENTS
1005 Industrial Bivd.
Sugar Land, TX 77478

QUALITY COMPONENTS
2120-M Braker Lane
Austin, TX 78758

UTAH

ADDED VALUE
1836 Parkway Bivd.
West Valley City, UT 84119

(214) 235-9575
(214) 644-5055
(214) 233-0500
(214) 733-4300
(713) 240-2255

(512) 835-0220

(801) 975-9500

(Continued)

VIRGINIA

VIRGINIA ELEC.
715 Henry Avenue
Charlottesville, VA 22901

WASHINGTON

CYPRESS/RPS
22125 17th Avenue
Suite114

Bothell, WA 98021

JACO

15014 N.E. 40th Street
Bidg. "O", Unit 202
Redmond, WA 98052

PRIEBE
14807 N.E. 40th
Redmond, WA 98052

WISCONSIN

MARSH
1563 S. 101st. Street
Milwaukee, WI 53214

(804) 296-4184

(206) 483-1144

(206) 881-9700

(206) 881-2363

(414) 475-6000
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SAMSUNG

Electromcs
Semiconductor Business

HEAD OFFICE:

8/10FL. SAMSUNG MAIN BLDG.
250, 2-KA, TAEPYUNG-RO,
CHUNG-KU, SEQUL, KOREA
C.P.O. BOX 8233

BUCHEON PLANT:

82-3, DODANG-DONG,
BUCHEON, KYUNGKI-DO, KOREA
C.P.0. BOX 5779 SEOUL 100

KIHEUNG PLANT:

SAN #24 NONGSUH-RI, KIHEUNG- MYUN
YONGIN-GUN, KYUNGKI-DO, KOREA
C.P.O. BOX 37 SUWON

GUMI BRANCH:
259, GONDAN-DONG, GUMI,
KYUNGSANGBUK-DO, KOREA

SAMSUNG SEMICONDUCTOR INC.:

3725 NORTH FIRST STREET
SANJOSE, CA 95134-1708, USA

HONG KONG BRANCH:
24FL. TOWER 1 ADMIRALTY CENTER
18 HARCOURT ROAD HONG KONG

TAIWAN OFFICE:
RM 8. 4FL, NO 581
TUN-HWA S, RD, TAPIEI, TAIWAN

TELEX: KORSST K27970
TEL: (SEOUL) 751-2114
FAX: 753-0967

TELEX: KORSEM K28390
TEL: (SEOUL) 741-0066, 662-0066
FAX: 741-4273

TELEX: KORSST K23813
TEL: (SEOUL) 741-0620/7
FAX: 741-0628

TELEX: SSTGUMI K54371
TEL: (GUMI) 2-2570
FAX: (GUMI) 52-7942

TEL:.(408) 434-5400
TELEX: 339544
FAX: (408) 434-5650

TEL: 5-8626900
TELEX: 80303 SSTC HX
FAX: 5-8661343

TEL: (2) 706-6025/7
FAX: (2) 706-6028

SAMSUNG ELECTRONICS JAPAN CO,,LTD.

6F. SUDAMACHI BERDE BLDG.
2-3, KANDA-SUDAMACHI
CHIYODA-KU, TOKYO 101, JAPAN

TELEX : 2225206 SECJPN J
TEL : (03) 258-9506
FAX:(03) 258-9695

SAMSUNG SEMICONDUCTOR EUROPE GMBH:

MERGENTHALER ALLEE 38-40
D-6236 ESCHBORN, W/G

SAMSUNG (U.K.) LTD.:

SAMSUNG HOUSE 3 RIVERBANK WAY
GREAT WEST ROAD BRENTFORD
MIDDLESEX TW8 9RE

TEL: 0-6196-90090
FAX: 0-6196-900989
TELEX: 4072678 SSED

TEL: 862-9312 (EXT)304

862-9323 (EXT)292
FAX: 862-0096, 862-0097
TELEX: 25823
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