SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

D2800, JANUARY 1986 — REVISED MARCH 1988

® Provides Control for 16K, 64K, and 256K
Dynamic RAMs

® Highest-Order Two-Address Bits Select One
of Four Banks of RAMs

® Supports Scrubbing Operations and Nibble-
Mode Access

® Separate Output Enable for Multi-Channel
Access to Memory

® 48-Pin Dual-In-Line Package
description

The 'ALS2967 and 'ALS2968 dynamic memory
controllers (DMCs) are designed for use in
today’s high-performance memory systems. The
DMC acts as the address controller between any
processor and dynamic memory array.

Two versions are provided that help simplify
interfacing to the system dynamic timing
controller. The ‘ALS2967 offers active-low Row
Address Strobe Input (RASI) and Column
Address Strobe Input (CASI), while the
‘ALS2968 offers active-high Row Address
Strobe Input {(RASI) and Column Address Strobe
Input (CASI) inputs.

Using two 9-bit address latches, the DMC will
hold the row and column addresses for any
DRAM up to 256K. These latches and the two
row/column refresh address counters feed into
a 9-bit, 4-input MUX for output to the dynamic
RAM address lines. A 2-bit bank select latch is
provided to select one of the four RAS and CAS
outputs. The two bits are normally obtained from
the two highest-order address bits.

The ‘ALS2967 and 'ALS2968 have two basic
modes of operation, read/write and refresh.
During normal read/write operations, the row
and column addresses are multiplexed to the
dynamic RAM, with the corresponding RAS and
CAS signals activated to strobe the addresses
into the RAM. In the refresh mode, the two
counters cycle through the refresh addresses. If
memory scrubbing is not being implemented,
only the row counter is used. When memory
scrubbing is being performed, both the row and

column counters are used to perform read-.

modify-write cycles. In this mode all RAS
outputs will be active (low) while only one CAS
output is active at a time.
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NC—No internal connection
t'ALS2967 has active-low inputs CASI and RASI; 'ALS2968 has
active-high inputs CASI and RASI.

The SN74ALS2967 and SN74ALS2968 are characterized for operation from 0°C to 70°C.
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DYNAMIC MEMORY CONTROLLERS
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

logic diagram (positive logic}
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

TABLE 1. PIN FUNCTION

PIN NAME

DESCRIPTION

AO-A17

Address Inputs. AQ-A8 are latched in as the nine-bit row address for the DRAM. These inputs drive Q0-Q8 when the
DMC is in the read/write mode and MSEL is low. AS-A17 are latched in as the column address, and will drive Qo-Q8
when MSEL is high and the DMC is in the read/write mode. The addresses are latched when the Latch Enable (LE) input
signal is low.

SELO, SEL1

Bank Select. These two inputs are normally the two highest-order address bits and are used ih the read/write mode
to selact which bank of memory will be receiving the RAS and CAS signals after RASI {’ALS2967) or RASI ('ALS2968)
and CASI (‘'ALS2967) or CASI {'ALS2968) go active.

LE

Latch Enable. This active-high input causes the row, column, and bank select latches to become transparent, allowing
the latches to accept new input data. A low input on LE latches the input data.

MSEL

Multiplexer Select. This input determines whether the row or colurmn address will be sent to the memory address inputs.
When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address
may come from either the address latch or refresh address counter depending on MCO and MC1 (see Mode Control
Function Table). '

Chip Select. This active-low input is used to enable the DMC. When TS is active, the DMC operates normally in all
four modes. When TS goes high, the device will not enter the read/write mode. This allows other devices to access
the same memory that the DMC is controlling.

Output Enable. This active-low inqut enables/disables the output signals. When OE is high, the outputs of the DMC
enter the high-impedance state.

MCO-MC1

Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the
four operating modes is given in Table 2.

Q0-Q8

Address Outputs. These address outputs feed the DRAM address inputs and provide drive for memory systems having
capacitance of up to 500 picofarads.

RASI or
RASI

I sjonpoid jueweBeuey Alowel ISTA

Row Address Strobe Input. During the normal memory cycles, the decoded RASn output {RAS0, RAS1, RAS2, or RAS3)
is forced fow after receipt of an active Row Address Strobe Input signal. In either Refresh mode, all four RAS outputs
wilf be low while the Row Address Strobe Input signal is active. The RASI on the 'ALS2967 is an active-low input while
on the ‘ALS2968, RASI is an active-high input. (For more details see timing diagrams).

Row Address Strobe. Each of the Row Address Strobe outputs provides a RAS signal to one of the four banks of dynamic
memory. Each RASn output will go low when selected by SELO and SEL1 after RASI ('ALS2967) or RASI {"ALS2968)
goes active. All four go low in response to RASI {"ALS2967) or RAS| {’ALS2968) while in the refresh mode.

CASI or
CASI

Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The CASI
input on the ‘ALS2967 is active low input while on the ‘ALS2968, CAS! is active high input. (For more details see
timing diagrams.)

CTAS0-CAS3

Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO, SEL1) determine which CAS
output will go active following CASI (' ALS2967) or CASI (' ALS2968} going active. When memory scrubbing is being

performed, only the CASn signal selected will be active. For non-scrubbing cycles, all four CAS outputs will remain high.

7-160

*

Texas
INSTRUMENTS

PGST OFFICE BOX 655012 = DALLAS, TEXAS 75265




SN74ALS2967, SN74ALS296

DYNAMIC MEMORY CONTROLLERS

TABLE 2. MODE-CONTROL FUNCTION TABLE

MC1

MCO

OPERATING MODE

Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate
the addresses. In this mode, all four RAS outputs are active while the four CAS outputs remain high.

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters
generating the addresses. MSEL is used to select either the row or the column counter. All four RAS outputs go low
in response to RASI ('ALS2967) or RAS! ('ALS2968}, while only one TASn output goes low in response to CASI
(*ALS2967) or CASI ("ALS2968). The bank counter keeps track of which CAS output goes active. This mode can
also be used during system power-up so that the memory can be written with a known data pattern.

Read/Write. This mode is used to perform read/wtite cycles. Both the Row and Column addresses are multiplexed
to the address output lines using MSEL. SELO and SEL1 are decoded to determine which RASn and CASn
outputs will be active. The refresh counter is disabled while in this mode.

Clear Refresh Counters. This mode clears the three refresh counters (row, column, and bank} on the inactive transition
of RASI (‘ALS2967) or RASI ("ALS2968), putting them at start of the refresh sequence (see timing diagrams for more
detail). In this mode, all four RAS outputs are driven iow after the active edge of RASI {'ALS2967) or RASI ("ALS2968)
so that DRAM wake-up cycles may also be performed.

I VLS! Memory Management Products
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

TABLE 3. ADDRESS OUTPUT FUNCTIONS

INPUTS
MODE MC1 MCO | MSEL o OUTPUTS Q0-Q8

Refresh without scrubbing L L X X Row counter address
Refresh with scrubbing L H L X Row countsr address

H X Column counter address

L L | Row address?
Read/write H L H L | Column address?

X H All L
Clear refresh counter? H H X x lant

TABLE 4. RAS OUTPUT FUNCTIONS

I sjonpoiq Juewebeuey Alowel ISTA

INPUTS N OUTPUTS
‘ALS2967 'ALS2968 e = =
TAST RASI MC1 Mco | seL1t seLot | €5 | RASO RAS1 -RAS2 RAS3
L H L L X X X L L L L
L H L H X X X L L L L
L L L L H H H
L H L H L H H
L H H L H L L H H L H
H H L H H H L
X X H H H H H
H H X X X L L L L
X X X X X H H H H
TABLE 5. CAS OUTPUT FUNCTIONS
INPUTS OUTPUTS
‘ALS2967 'ALS2968 INTERNAL e, — =, =
EAST cAsl Mc1 ™mco | seL1t  seLot BCT BCO Cs | CAso CAS1 CAS2 CAS3
L H L L X X X X X H H H H
L L X L H H H
L H X H L H H
- H t H X X H L X H H L H
H H X H H H L
L L X X L L H H H
L H X X L H L H H
L H H L H L X X L H H L H
H H X X L H H H L
X X X X H H H H H
L H H H X X X X X H H H H
H L X X X X X X X H H H H

T1f LE is low, outputs will be the levels entered when LE was last high. If LE is high, outputs will follow address inputs as selected by MSEL.
% For ALS2967, clearing occurs on the low-to-high transition of RASI: for "ALS2968, clearing occurs on the high-to-low transition of RASI.
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

read/write operation details

During normal read/write operations, the row and column addresses are multiplexed to the dynamic RAM

controlied by the MSEL input. The corresponding RASn and CASn output signals strobe the addresses
into memory. The block diagram in Figure 1 shows a typical system interface for a one-megaword dynamic

memory. The DMC is used to control the four banks of 256K memory.

For systems where addresses and-data are multiplexed onto a single bus, the DMC uses latches, (row,
column, and bank) to hold the address information. Figure 5 shows a typical timing diagram using the
input latches. The twenty input latches are transparent when latch enable (LE) is high, and latch the input
data whenever LE is taken fow. For systems in which the processor has separate address and data buses,

LE may be permanently high (see timing diagram in Figure 4).
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ADDRESS MEMORY —
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v CONTROLLER e I —
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FIGURE 1. 1-MEGAWORD X 16-BIT DYNAMIC MEMORY
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

read/write operations (continued)

The DMC is designed with heavy-duty outputs that are capable of driving four banks of 16-bit words,

including six checkbits used for error detection and correction.

In addition to heavy-duty output drivers, the outputs are designed with balanced output impedances (25 £
both high and low). This feature optimizes the drive low characteristics, based on safe undershoot, while
providing symmetrical drive high characteristics. It also eliminates the external resistors required to pull

the outputs up to the MOS VQoH level (Vcc — 1.5 VI.
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MEMORY CONTROL
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y BANK1 16- -BITS
ALS2967/ Fooness 256K X 16-BIT | CHECK
‘ALS2968 7 —
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4 W
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) seLo.1 BANK2 256K X 16-BIT
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cAs =4 :J\-V
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MC0,1 RAST CTAST MSEL CAs2
w
21 T (Uyp———
: BANK3 256K X 16-BIT
MEMORY RAS3
TIMING CAS3
CONTROLLER w
P Pppp———
W ;_> BANK4 256K X 16-BIT
RAS4
CAS4
w
CONTROL
» EN
TRANSCEIVER
DIR ‘ALS616
16-BIT
EDAC
DATA BUS ERR}-

FIGURE 2. 1-MEGAWORD X 16-BIT DYNAMIC MEMORY WITH ERROR DETECTION AND CORRECTION
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

memory expansion

With a 9-bit address path, the DMC can control up to one megaword when using 256K dynamic RAMs.
If a larger memory size is desired, the DMC’s chip select (CS) makes it easy to expand the memory size
by using additional DMCs. A four-megaword memory system is shown in Figure 3.

To maintain maximum performance in 32-bit abplications, it is recommended that individual bus drivers

be used for each bank.

I VLS| Memory Management Products
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

refresh operations

The two 9-bit counters in the ‘ALS2967 and ‘ALS2968 support 128-, 256-, and 512-line refresh operations.
Transparent, burst, synchronous, or asynchronous refresh modes are all possibie. The refresh counters are
advanced on the low-to-high transition of RASI on the 'ALS2967, and on the high-to-low transition
of RASI on the ‘ALS2968. The refresh counters are reset to zero on the low-to-high transition of RASI
on the ‘ALS2967, and on the high-to-low transition of RAS| on the 'ALS2968, if MC1 and MCO are at a high
logic level. See Figure 8 for additional timing details.

When performing refresh cycles without memory scrubbing {MC1 and MCO both low), all four RAS outputs
go low, while all CAS outputs are driven high. Typical timing for this mode of operation is shown in Figure 6.

decoupling

Due to the high switching speed and high drive capability of the ‘ALS2967 and ‘ALS2968, it is necessary
to decouple the device for proper operation. Muitilayer ceramic 0.1 puF to 1 pF capacitors are recommended
for decoupling. It is important to mount the capacitors as close as possible to the power pins (Vcc and GND)
to minimize lead inductance and noise. A ground plane is recommended.

I s1onpoid Juewebeueyy Alowen ISTA
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SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VOIAGE, VG -+« -« v ot ettt e e 7V »
INPUL VOIAGE . . . . o e e 7V~ 06
Voltage applied to disabled 3-state output . ... .. ... ... ... ... i 55V =
Operating free-air temperature range . . . .. .. ... oottt ittt 0°C to 70°C g
Storage temperature TaNge . . . . . . . .. oot vt ot i m e ~65°C to 150°C ﬂh.
recommended operating conditions g
MIN _ NOM MAX | UNIT £
vVece  Supply voltage 4.5 ) 6.6 A\ g
VIH High-level input voitage 2 \4 o
ViL Low-level input voltage 0.8 \4 s
loH High-level output current -2.6 mA E
oL Low-level output current 12 mA
{23) RASI low or RASI high 15 E
tw Pulse duration (24) RASI high or RASI low 15 ns £
{25) LE high 20 (]
j {26} An before LEL 5 =
. (27) SELn before LE! 5 Fr
tgy  Setup time ns (7]
(28) MCO or MC1 before RASIT or RASNH 25 -l
(29) SELn before RASIL or RASIT 15 >
th Hold time (30} An after LE! 5 ns -
{31) SELn after LEL 5 7
TA Operating free-air temperature [ 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vee =45V, I} = —18 mA -1.5 \
VoH Vee = 45V, loH = —2.6 mA 2.4 3.2 \

Vi = 4, . = A . .
VoL cc =45V lop = 1m 0.15 0.5 v
Vee = 48V, loL = 12 mA 0.35 0.8
1oL Vee = 4.5V, Vg =2V 30 mA
lozH Vee = 6.5V, Vo = 2.7V 20 | uA
lozL Vce = 5.5V, Vg = 0.4V —20 | #A
It Vee = 6.5V, V=7V 0.1 mA
hH Vee = 5.5V, Vi =27V 20 [ A
I Vee = 5.5V, V) =04V -0.1 mA
0% Vee = 5.5V, Vo = 2.25 V -30 -112 | ma
Icc Vee = 6.5V, 136 200 mA

T All typical values are at Vo = 8 V, TA = 256°C.
$ Not more than one output should be tested at a time, and duration should not exceed 1 second.
§ The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output current, lgs.
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SN74ALS2967, SN74ALS2968

DYNAMIC MEMORY CONTROLLERS

switching characteristics, C|. = 50 pF

FROM TO ;

' PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP! MAX | UNIT
tpd(1) RASI or RASI Any Q 9 18 25 ns
tpd(2) RASI or RASI RASn 3 10 18 ns
_tpd(3) CASI or CASI CASn 3 9 17 ns
tpd(4} Any A Any Q 3 9 18 ns
tpd(5) MSEL Any Q 3 12 20 ns
tpdi6) LE? Any Q 13 25 ns
tpd(7) LET Any RAS 13 25 ns
_td(8) LET Any CAS 13 24 ns
tpd(9) MCO or MC1 Any Q 7 13 24 ns
tpd{10) MCO or MC1 Any RAS 3 10 21 ns
tod(11) MCO or MC1 Any TAS Vee =45Vt 55V, 3 9 19 ns
_tpd(12) [o1:3 Any Q Ta = 0°C to 70°C 13 23 ns
1pd(13) cs Any RAS 9 20 ns
thd(14) [1:3 Any TAS 9 19 ns
tpd(15) SELO or SEL1 Any RAS 10 20 ns
tpd{16) SELO or SEL1 Any TAS 11 18 ns
ten(17) [o] 31 Any Q 10 19 ns
ton(18) OEL Any RAS 1 19 ns
ten(19) OE4 Any TAS 1 19| ns
tdis(20) OEt Any Q 10 20 ns
tdis(21) OFt Any RAS 10 20| ns
tdig(22) Ot Any CAS 9 20 ns

switching characteristics, Ci. = 150 pF
FROM TO

PARAMETER ANPUT) (OUTPUT) TEST CONDITIONS ! MIN TYP! MAX | UNIT
tpd(1) RASI or RASI Any Q 12 20 27 ns
‘ 15d(2) RASI or RASI RASn 5 12 23 ns
_tpd(3) CASI or CASI TASn 4 12 22 ns
tpdia) Any A Any Q 5 12 20 ns
tpd(5) MSEL Any Q 8 15 26 ns
pdi6) LET Any Q 15 27 ns
tpd(7) LET Any RAS 15 28 ns
) tpd(8) LE? Any TAS Vee = 45V1055V, 16 27 ns
__1pdi9) MCO or MC1 Any Q Ta = 0°C to 70°C 14 28 ns
tod(10) MCO or MC1 Any RAS 12 25 ns
tpd(11) MCO or MC1 Any TAS " 23 ns
tpd{12) c5 Any Q 14 27 ns
tod(13) [sf:] Any RAS 11 221 ns
tpd(14) CS Any CAS 12 22 ns
tpd(15) SELO or SEL1 Any RAS 13 23 ns
pd(16) SELO or SEL1 Any CAS 13 22 ns

t See Figures 10, 11, 12, and 13 for test circuit and switching waveforms.
Al typical values are at Vo = 5V, Tp = 25°C.
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FIGURE 4. READ/WRITE CYCLE TIMING (MC1, MCO = 1, 0}, (LE = H)

T Parameters tgy{AR). tsu(AC). and th(AR) are timing requirements of the dynamic RAM. Parameters 11, 12, and t3 represent the minimum
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum systemn performance. The minimum
requirements for t1, t2, and t3 are as follows:

tlimin} = tpd(4) Max + tsu(AR) min — tpg(2) Min .
t2(min) = tpg(2) Max + th(AR) Min — tpd(s) min
13(min) = t2 min + tpd(5) Max + tsu(AC) ~ tpd(3) MiN

See the DRAM data sheet for applicable tgy(AR}. tsu(AR). and th(AR)- In addition, note that propagation delay times given in the above
equations are functions of capacitive loading. The values used in these equations must relate to actual system capacitive loading.

U
INSTRUMENTS 7-169

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

A INPUTS \\ 0ON § CARE PROCESSOR ADDRESS l PROCESSOR ADDRESS

_f K N\ I

I
tsutact’ —4 I“.f— ||
“———ﬂ

~

e— tpdta) —»y | |
Is Q OUTPUTS : ﬂ | ROW AODRESS VALID W COLUMN ADDRESS VALID w
o T ¥ :
2 T8 . —t 4t
g - | [ L) I
MC INPUTS * READ/WRITE MODE  MC1.0 = HL | 1 READ WRIE MODE MC1.0 = HL |
3 ; i I I ) 1
|
RASI ('ALS2967 Pl +
! ! 1 ‘ 1 | 4 L l: . | !
ng, I j— tpdi2) s P o teai2) > |
] +—t — |
S RASI {'ALS2968) t Jﬁ, 11— than _..} | N J
@ 4 ‘ | tsuaR | !
® FASn OUTPUT N ™ | Yir/ ) |
3 tsu(26) —pj — ' '
o —» thi30) E— |
3 |
= LE | X m
K thd(5) —p)
Yy je— twi25) ) | e . le— tpdis) -9l
o MSEL 3 L ) ol ¥ \ L
3 i | '
Q TASI (‘ALS2967) [ T N . ! A
@ | : = fpd(3) 4 ke—tpdi3) —
| 1
} |
i !

- CASI 'ALS2968)

TASn OUTPUT
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SEL INPUTS \\\ OON'T CARE BANK SELECT \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ BANK SELECT -
FIGURE 5. READ/WRITE CYCLE TIMING USING INPUT LATCHES (MC1, MCO = H, L)

Ttsu(AR)r tsu{AC), and th(AR) are timing requirements of the dynamic RAM. See the DRAM data sheet for applicable specifications.
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FIGURE 6. REFRESH CYCLE TIMING (MC1, MCO = L, L} WITHOUT SCRUBBING

T‘su(AR)- tw(RL). and tyw(RH} are timing requirements of the dynamic RAM. See DRAM data sheet for applicable specifications.
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2 ) —»] tat P—: . ) !
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E. CASn OUTPUT? VN T
% FIGURE 7. REFRESH CYCLE TIMING (MC1, MCO = L, H) WITH MEMORY SCRUBBING

ﬂ

timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum

-T Parameters tgy(AR)- tsu(AC): 3nd th(AR) are timing requirements of the dynamic RAM. Parameters t2, 13, and t4 represent the minimum
requirement for t2, t3, and 14 are as follows:

12(min) = tpg(2) Max + th(AR) MiN — tpd(s) min
t3(min) = 12 min + tpd(5) Max + tsu(AC) ~ tpd(3) Min
t4{min) = tpd(9) Max + tgy(AR) MiN — tpg(2) Min

See the DRAM data sheet for applicable tgy(AR). tsu{AC). 8nd th(AR). In addition, note that propagation delay times given in the above
equations are functiens of capacitive loading. The values used in these equations must correspond to actual system capacitive loading.
+ A CASn output is selected by the bank counter. All other CASn outputs will remain high.
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FIGURE 8. REFRESH COUNTER RESET (MC1, MCO = H, H)
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FIGURE 9. MISCELLANEOUS

TIMING

7-174

xas WP

TE
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




SN74ALS2967, SN74ALS2968
DYNAMIC MEMORY CONTROLLERS

SWITCHING TEST CIRCUIT

vee
FROM
DEVICE R 1 Lz, 2L
OUTPUT FROM 6800 S
cy* R DEVICE
L 2 k0 OUTPUT 2
Cy = 50 pF j_ HZ, ZH
* tpd specified at C|_ = 50, 150 pF
FIGURE 10. CAPACITIVE LOAD SWITCHING FIGURE 11. THREE-STATE ENABLE/DISABLE

TYPICAL SWITCHING CHARACTERISTICS

l VLSI Memory Management Products

VOLTAGE WAVEFORMS TYPICAL QUTPUT DRIVER
3V Vee
INPUT 1.5 VX X1;v R=260
! - ! ov
PLH —ie— tPHL———
{ : OUTPUT TO
QUTPUT 24yv 1 _p RAM ADDRESS
08V OR CONTROL
VoL R~ 25 LINES
< 0oV

GND
FIGURE 12. OUTPUT DRIVE LEVELS

THREE-STATE TIMING

3-STATE st — e ——— e — — 3V
CONTROL f \ ____________ 15V
(OF) 1 | ov

l——p1— tPHZ PZH gl
i | (DISABLE) {ENABLE] | ]
v 0 [ ' 1 VoH
OH ' \vou-o.sv I j{ ——————— —24vV
| ]
ouUTPUT : ! {HIGH IMPEDANCE) { !
1 |
: ﬁ_ + 05V : \ ————————— 08V
\ i H Vo
VoL :‘_____“_ tprz tpzL —k———.: L
(DISABLE) (ENABLE)

NOTE: Deéoupling is needed for all AC tests
FIGURE 13. THREE-STATE CONTROL LEVELS
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