


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Random Access Memory RAMS1F

FUNCTIONAL MODE TIMING DIAGRAM

r— WRITE ->1< READ —>l<— READ —><—FREEZE'-><— WRITE -J

T N\

AH r CPH

CK
ASU
i Vs TN N NI O\ VI N
DSU

DH

DIN-1:0] @t_?n‘_;i@( n+1

RWSU| RWH

RW Mnﬂ n+2 @( n+3)®\ n+#4

n+3 n+4

DESU | DEH
DE n n+1 n+2 n+3 n+4
QRF
a9 et O 2 Dz |
QN[N-1:0} | 1 | |
SD=TEST=1

n=nth cycle number.
*A freeze cycle is executed when DE is low and SD is high. This cycle is provided as a convenience
for freezing the RAMS1F. It can be applied anywhere or not at all. During this cycle information at
inputs A[M-1:0], D[N-1:0], and RW is ignored. Instead, the information that was clocked in by CK in
the previous cycle is reclocked and reused.

**Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.
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Random Access Memory RAMS1F

SCAN TEST MODE TIMING DIAGRAM

Exercise Data Thru
Data Thru External Scan Chain
- Scan Chain Random Again
m cycles Logie
-
o ; RN e\ cvee N ZorN
< CPH>T< CPL > ASU AH
A[M-1:0] oo @t n+m+3 k
DSU: DH
DIN-1:0] oo %t n+m+3 k\
RWSU: RWH
RW eve n+m+3 j@\
SIsU | SHH
si sl?in%W’mW e S mrz > WEETD \
DESU i DEH
DE (XX} n+m+3
sD P n+m+3
QRF
Q[N-1 20] . n >® oo'®< n+m+1 >®< n+m+2 >®< n+m+3 >®
QNIN-1:0] SORF
TEST=0

n=nth cycle number.

*For the scan-testing mode, TEST is set low to place RAMS1F in a pseudo-transparent mode where
the word addressed is simultaneously written and read. Thus, the input data, clocked in on the rising
edge of CK, passes to the outputs Q and QN after CK goes low. With RAMS1F being pseudo-
transparent in this mode, the random logic to RAMS1F can be more easily controlled and observed.

**For the scan-testing mode, CK should be run at one-tenth of the normal functional mode
frequency.

FUNCTIONAL OPERATION

Scan Chain

During LSSD the faults in the external random logic around the RAMS1F are tested. Only the input
latches are connected together to form a scan chain; the output latches are by-passed to allow quick
access to the external random logic connected at the outputs. In terms of the primary inputs for the
input latches, the following specifies the ordering of the scan chain:

A[0:M-1], D[0:P-1], RW, D[P:N-1]

where P (= N/2) is rounded up to the nearest integer.
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Random Access Memory RAMS1F

RAMS1F Mode Control
Functional/Scan-Testing Mode Control

DE | SD | TEST | Allowed* Mode State

1 1 1 Yes Functional | Normal

0 1 1 Yes Functional | Freeze

1 0 1 No Functional | Data Scanning with RW confusion
0 0 1 No Functional | Data Scanning with RW confusion
1 1 0 Yes Scan Test | Random Logic Clock

0 1 0 No Scan Test | Freeze

1 0 0 Yes Scan Test | Data Scanning

0 0 0 Yes Scan Test | Data Scanning

*The disallowed states can be simulated, but they serve no useful purpose and should be avoided.

USER NOTES

1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.

2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.

3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

4) The scan-test circuitry is present in the RAMS1F to support the scan-testing of the

surrounding logic, and not the RAMS1F itself. In fact, the RAMS1F is constructed so
that it effectively disappears from the chip during scan-testing.

Parameterized Macrocells
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Random Access Memory RAMS2A

FUNCTIONAL DESCRIPTION AND FEATURES

RAMS2A is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2A is implemented as a custom, pitch-matched array of cells that is very area-

efficient.
The RAMS2A has been designed specifically for use on standard cell chips and has overhead circuitry
already built-in including:

* Negative Edge-Triggered Input Data Latches with Minimum Set-Up Times

 Negative Edge-Triggered Address Latches with Minimum Set-Up Times

* Negative Edge-Triggered Read/ Write Latch with Minimum Set-Up Times

» Negative Edge-Triggered Output Latches with Minimum Propagation Delays

« Column and Row Decoding

« A Clock Generator that derives all necessary internal clocks from a single clock input.

RAMS2A can be customized with the following parameters:

Limits
Parameter | Description
Increment { Min Max
N Bits/Word 1 2 32
M Address Bits 1 3 10
w Words 8 8 1,024
n BLOCK DIAGRAM
CK
Input Internal
RW —={ RdWr Clock
Latch Buffers

Input <—?¢
A[M-1:0] | Address
Latches j QIN-1:0]

Input
D[N-1:0] )| Data
Latches

—>MEMORY N OSJ;F::‘
| | Block Latches QNI[N-1:0]
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Random Access Memory RAMS2A

TERMINAL DESCRIPTIONS
Netlist Order
INPUTS: A[M-1:0], D[N-1:0], RW, CK;

OUTPUTS: Q[N-1:0], QN[N-1:0J;

Functional Descriptions

Inputs
A[M-1:0] Address In (AQ = LSB)
D[N-1:0] Data In
RW Read/Write - (Read ='1’)
CK Clock

Outputs
Q[N-1:0] Data Out
QN[N-1:0] Complement Data Out

CHARACTERISTICS

The parameters N, M and W can be used to estimate the characteristics for a RAMS2A that is W
words X N bits per word with M address bits.

Parameter Value Unit
Number of Transistors | 238 + 56M + 170N + (34 + M)W/8 + 6NW
Height 735 + 5W 1
Width 322 + 75.75N p
Worst Case Power (26.0+2.4M+0.11 W+3.9N+0.0088NW+0.0044MW)VDDZF/1 ,000* | mW
Input Capacitance:
A[M-1:0] 0.16 pF
D[N-1:0] 0.16 pF
RW 0.16 pF
CK 0.40 + 0.24N + 0.08M pF
Output Capacitance:
Q[N-1:0] 0.30 pF
QN[N-1:0] | 0.29 pF
* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
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Random Access Memory RAMS2A
SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic | Extrinsic
Symbol | \npyt | ouTPUT (ns) | (nsipF)
ckl | Q[N-1:0]T 2.0* 0.6
QRF CK!{ | QIN-1:01 2.0* 0.3
ckl | QN[N-1:0]T 2.0* 0.6
CKl | QN[N-1:01 2.0* 0.3

* In situations where the actual clock pulse width high (call it PWH) is less than (CPH+11)ns, then
add (CPH+11-PWH)ns. CPH is the minimum clock pulse high as given in the Timing Requirements

table.

Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing

Symbol Description V(il:)e

CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/768
ASU Minimum Address Setup before CKl 3.0

AH Minimum Address Hold after CKl 0.0

DSU Minimum Data Setup before CK{ 3.0

DH Minimum Data Hold after CK{ 0.0

RWSU | Minimum Read/Write Setup before CK{ 3.0

RWH Minimum Read/Write Hold after CK{ 0.0
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Random Access Memory RAMS2A

TIMING DIAGRAM

- WRITE -}« READ ->}« READ ->}« WRITE -

n n+1 n+2 n+3 n+4
AH CPH>1< CPL

CK
ASU
AM-1:0] @E :_j®< T >QQX 2 DN EETED NN

DSU| DH
D[N-1:0] §E n(_j®( NN ET D N ETE N
RWSU| RWH
RW §t nj®/n+1 n+2 \®\n+3 n+d /@
QRF
Q[N-1:0]
. n+1 n+2 n+2
QN[N-1:0] S

n=nth cycle number.

*Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.

USER NOTES
1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.
2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.
3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

Parameterized Macroceils
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Random Access Memory RAMS2B

FUNCTIONAL DESCRIPTION AND FEATURES

RAMS2B is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2B is implemented as a custom, pitch-matched array of cells that is very area-

efficient.
The RAMS2B has been designed specifically for use on standard cell chips and has overhead circuitry
already built-in including:

« Positive Edge-Triggered Input Data Latches with Relaxed Set-Up Times

« Positive Edge-Triggered Address Latches with Relaxed Set-Up Times

« Positive Edge-Triggered Read/ Write Latch with Relaxed Set-Up Time

» Negative Edge-Triggered Output Data Latches with Minimum Propagation Delays

« Column and Row Decoding

« A Clock Generator that derives all necessary internal clocks from a single clock input.

RAMS2B can be customized with the following parameters:

Limits
Parameter | Description
Increment | Min | Max
N Bits/Word 1 2 32
M Address Bits 1 3 10
Words 8 8 1,024
BLOCK DIAGRAM
CK
Input Internal
RW Rd/Wwr Clock
Latch Buffers

ALn ut <
A[M-1:0 ress
[ ] : Latches L j QIN-1:0]

Input
D[N-1:0] ) Lga;‘a
ches

MEMORY Output
Block La[:ggiaes
<— QN[N-1:0]
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Random Access Memory

TERMINAL DESCRIPTIONS
Netlist Order
INPUTS: A[M-1:0], D[N-1:0], RW, CK;

OUTPUTS: Q[N-1:0], QN[N-1:0];

Functional Descriptions

Inputs
A[M-1:0] Address In (AQ = LSB)
D[N-1:0] Data In
RW Read/Write - (Read ='1’)
CK Clock

Outputs
Q[N-1:0] Data Out

QN[N-1:0] Complement Data Out

CHARACTERISTICS

RAMS2B

The parameters N, M and W can be used to estimate the characteristics for a RAMS2B that is W

words X N bits per word with M address bits.

Parameter Value Unit
Number of Transistors | 230 + 48M + 162N + (34 + M)W/8 + 6NW E
Height 705 + 5W [
Width 322 + 75.75N u
Worst Case Power (25.5+2.1M+0.11 W+3.7N+0.0088NW+0.0044MW)VDDzF/1 ,000" | mW
Input Capacitance:
A[M-1:0] 0.16 pF
D[N-1:0] 0.16 pF
RW 0.16 pF
CK 0.40 + 0.24N + 0.08M pF
Output Capacitance:
Q[N-1:0] 0.30 pF
QN[N-1:0] | 0.29 pF
* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
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Random Access Memory RAMS2B

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic Extrinsic
Symbol | \nput | ouTPUT (ns) (ns/pF)
ckl | anN-1:01T 2.0* 0.6
QRF ckl | aN-1:0)0 2.0 0.3
ckl | aNN-1:ot | 2.0 0.6
ckl | oN[N-1:0lL | 200 0.3

* In situations where the actual clock pulse width high (call it PWH) is less than (CPH+11)ns, then
add (CPH+11-PWH)ns. CPH is the minimum clock pulse high as given in the Timing Requirements
table.

Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing

Symbol Description ’ V(?‘Isu)e

CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/768
ASU Minimum Address Setup before CKT 10.0

AH Minimum Address Hold after CKT 0.0

DSU Minimum Data Setup before CKT 10.0

DH Minimum Data Hold after CKT 0.0

RWSU Minimum Read/Write Setup before CKT 10.0

RWH Minimum Read/Write Hold after CKT 0.0
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Random Access Memory RAMS2B

TIMING DIAGRAM

< WRITE ->}<« READ ->»j< READ -—>le WRITE ->{

QN[N-1:0] *

CK A ‘T\_/ n+1 n+2 n+3 n+4
ITRPIRN ! e e SV S T
DSU| DH
SRR S ST SOV o T S ST S
RWSU| RWH
RW §t n j®/n+1 2 N ned N
QRF
Q[N-1:0] j@ n+1 n+2 n+2

n=nth cycle number.

*Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.

USER NOTES
1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.
2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.
3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

Parameterized Macrocells
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Random Access Memory RAMS2C

FUNCTIONAL DESCRIPTION AND FEATURES

RAMS2C is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2C is implemented as a custom, pitch-matched array of celis that is very area-

efficient.
The RAMS2C has been designed specifically for use on standard cell chips and has overhead circuitry

already built-in including:
« Negative Edge-Triggered Input Data Latches with Minimum Set-Up Times

« Negative Edge-Triggered Address Latches with Minimum Set-Up Times
+ Negative Edge-Triggered Read/ Write Latch with Minimum Set-Up Time
« Positive Edge-Triggered Output Data Latches with Relaxed Propagation Delays

» Column and Row Decoding
« A Clock Generator that derives all necessary internal clocks from a single clock input.

RAMS2C can be customized with the following parameters:

Limits
Parameter | Description
Increment | Min | Max
N Bits/Word 1 2 32
M Address Bits 1 3 10
w Words 8 8 1,024
BLOCK DIAGRAM
CK
Input Internal
RW —={ RdMWr Clock
Latch Buffers

Input <—¢
A[M-1:0] A Address

Latches

Q[N-1:0

MEMORY Quiput (N-1:0]

— Block Latches QN[N-1:0]
Input :
DIN-1:0] N Data
Latches
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Random Access Memory

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: A[M-1:0], D[N-1:0], RW, CK;
OUTPUTS: Q[N-1:0], QN[N-1:0J;

Functional Descriptions

Inputs
A[M-1:0] Address In (AO = LSB)
D[N-1:0] Data In
RW Read/Write - (Read ='1")
CK Clock

Outputs
Q[N-1:0] Data Out
QN[N-1:0] Complement Data Out

CHARACTERISTICS

RAMS2C

The parameters N, M and W can be used to estimate the characteristics for a RAMS2C that is W
words X N bits per word with M address bits.

Parameter Value Unit
Number of Transistors | 238 + 56M + 168N + (34 + M)W/8 + 6NW
Height 730 + 5W 1}
Width 322 + 75.75N n
Worst Case Power (26.0+2.4M+0.11 W+3.8N+0.0088NW+0.0044MW)VDDzF/I ,000" | mW
Input Capacitance:
A[M-1:0] 0.16 pF
D[N-1:0] 0.16 pF
RW 0.16 pF
CK 0.40 + 0.08N + 0.08M pF
Output Capacitance:
Q[N-1:0] 0.27 pF
QN[N-1:0] | 0.27 pF
* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
Parameterized Macrocells ATaTl 8-67
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Random Access Memory RAMS2C
SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic Extrinsic

Symbol | \\pyt | ouTPUT (ns) (ns/pF)

CKT | Q[N-1:0]T 21+N/8+(2+N/8)(W-256)/ 768 0.6
QRF CKT | QIN-1:0]1 | 21+N/8+(2+N/8)(W-256)/ 768 0.3

CKT | QNIN-1:0]T | 21+N/8+(2+N/8)(W-256)/ 768 0.6

CKT | QN[N-1:0[l | 21+N/8+(2+N/8)(W-256)/ 768 0.3

Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing
_— Value
Symbol Description (ns)
CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/ 768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/ 768
ASU Minimum Address Setup before CK! 3.0
AH Minimum Address Hold after CK{ 0.0
DSU Minimum Data Setup before CKl 3.0
DH Minimum Data Hold after CK{ 0.0
RWSU Minimum Read/Write Setup before CK{ 3.0
RWH Minimum Read/Write Hold after CK{ 0.0
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Random Access Memory RAMS2C

TIMING DIAGRAM

< WRITE ->t< READ ->{<« READ -—>}« WRITE —

CK n n+1 n+2 n+3 n+4

AsSU| AH CPH>T< CPL >

VRTINS PO S SO S NI G I
psu| DH

SRR i Ve O VI S S VeI
RWSU| RWH

QRF
QIN-1:0] )@( el QX 2 2

QN[N-1:0]

n=nth cycle number.
*Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.

USER NOTES
1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.
2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.
3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.
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Random Access Memory RAMS2D

FUNCTIONAL DESCRIPTION AND FEATURES

RAMS2D is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2D is implemented as a custom, pitch-matched array of cells that is very area-

efficient.
The RAMS2D has been designed specifically for use on standard cell chips and has overhead circuitry
already built-in including:

« Positive Edge-Triggered Input Data Latches with Relaxed Set-Up Times

- Positive Edge-Triggered Address Latches with Relaxed Set-Up Times

« Positive Edge-Triggered Read/ Write Latch with Relaxed Set-Up Time

« Positive Edge-Triggered Output Data Latches with Relaxed Propagation Delays

« Column and Row Decoding

« A Clock Generator that derives all necessary internal clocks from a single clock input.

RAMS2D can be customized with the following parameters:

Limits

Parameter | Description
Increment | Min | Max

N Bits/Word 1 2 32
M Address Bits 1 3 10
w Words 8 8 1,024

BLOCK DIAGRAM

CK
Input Internal
RW — RdWr Clock
Latch Buffers

input <—¢
A[M-1:0] ) Address
Latches —L :> Q[N-1:0]

MEMORY Og;‘::t
L Block Latches QN[N-1:0]
Input |
D[N'1 0] j Data
Latches
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Random Access Memory RAMS2D

TERMINAL DESCRIPTIONS

Netlist Order
INPUTS: A[M-1:0], D[N-1:0], RW, CK;
OUTPUTS: Q[N-1:0], QN[N-1:0J;

Functional Descriptions

Inputs
A[M-1:0] Address In (A0 = LSB)
D[N-1:0] Data In
RW Read/Write - (Read = '1’)
CK Clock

Outputs
Q[N-1:0] Data Out

QN[N-1:0] Complement Data Out

CHARACTERISTICS

The parameters N, M and W can be used to estimate the characteristics for a RAMS2D that is W

words X N bits per word with M address bits.

Parameter Value Unit
Number of Transistors | 258 + 48M + 160N + (34 + M)W/8 + 6NW
Height 700 + 5W 1)
Width 322 + 75.75N p
Worst Case Power (25.5+2.1M+0.11 W+3.6N+0.0088NW+0.0044MW)v002F/1 ,000 | mW
Input Capacitance:
A[M-1:0] 0.16 pF
DIN-1:0] 0.16 pF
RW 0.16 pF
CK 0.40 + 0.08N + 0.08M pF
Output Capacitance:
QIN-1:0] 0.27 pF
QNIN-1:0] | 0.27 pF
* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
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Random Access Memory RAMS2D

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic Extrinsic

Symbol | \npyt | outPUT (ns) (ns/pF)

CKT | Q[N-1:0]T 21+N/8+(2+N/8)(W-256)/ 768 0.6
QRF CKT | Q[N-1:0 21+N/8+(2+N/8)(W-256)/ 768 0.3

CKT | QN[N-1:0]T | 21+N/8+(2+N/8)(W-256)/ 768 0.6

CKT | QN[N-1:0{ | 21+N/8+(2+N/8)(W-256)/ 768 0.3

Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing
. Value
Symbol Description (ns)
CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/ 768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/ 768
ASU Minimum Address Setup before CKT 10.0
AH Minimum Address Hold after CKT 0.0
DSU Minimum Data Setup before CKT 10.0
DH Minimum Data Hold after CKT 0.0
RWSU Minimum Read/Write Setup before CKT 10.0
RWH Minimum Read/Write Hold after CKT 0.0
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Random Access Memory RAMS2D

TIMING DIAGRAM

l«- WRITE ->{< READ -—>}« READ -><« WRITE —

(¢} _N_ n+1 n+2 n+3 n+4
AH ~< CPH CPL >

K
ASU

AM-1:0] §E :_j®< HIDNNETED NN EEED N ETE )N
DsU

QN[N-1:0]

DH
D[N-1:0] §t rj@( I NNEEEN\ETED @& N
RWSU| RWH
RW § n (——j®/n+1 n+2 \®\n+3 n+4 J@
QRF
Q[N-120] i @( n+1 @( n+2 i n+2

n=nth cycle number.

*Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.

USER NOTES
1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.
2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.

3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

Parameterized Macrocells
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Random Access Memory RAMS2E

FUNCTIONAL DESCRIPTION AND FEATURES:

RAMS2E is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2E is implemented as a custom, pitch-matched array of cells that is very area-
efficient.

The RAMS2E has been designed specifically for use on standard cell chips that use a scan-testing
strategy and has overhead circuitry already built-in including:

* Negative Edge-Triggered Input Data Latches with Minimum Set-Up Times
+ Negative Edge-Triggered Address Latches with Minimum Set-Up Times
« Negative Edge-Triggered Read/ Write Latch with Minimum Set-Up Time
« Negative Edge-Triggered Output Data Latches with Minimum Propagation Delays
« Column and Row Decoding
« A Clock Generator that derives all necessary internal clocks from a single clock input.
« A scan-chain that internally connects all of the input latches.
RAMS2E can be customized with the following parameters:

Limits

Parameter | Description
Increment | Min Max
Bits/Word 1 2 32
M Address Bits 1 3 10
w Words 8 8 1,024
BLOCK DIAGRAM
CK
DE
SD
S| —={ Input =t Internal
Rd/Wr Clock
RW ——={ Laich Buffers
TEST ¥
input [*]
A[M-1:0] J ﬁd rre:ss
atches
[MEMORY 1 Output :> QIN-1:0]
! Block Latahes
Input < QN[N-1:0}
DIN-1:0] ] Data
Latches
1 SO
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Random Access Memory

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: A[M-1:0], D[N-1:0], RW, CK, SI, DE, SD, TEST;
OUTPUTS: Q[N-1:0], QN[N-1:0], SO;
Functional Descriptions

Inputs
A[M-1:0] Address In (A0 = LSB)
D[N-1:0] Data In
RW Read/Write - (Read ='1’)
CK Clock
Si Scan-In Data
DE Data Enable - (Active High)
SD Select Data - (Active High)
TEST Test Mode - (Active Low)
Outputs
Q[N-1:0] Data Out
QNI[N-1:0] Complement Data Out
SO Scan-Out Data
CHARACTERISTICS

RAMS2E

The parameters N, M and W can be used to estimate the characteristics for a RAMS2E that is W
words X N bits per word with M address bits.

Parameter Value Unit
Number of Transistors | 286 + 72M + 200N + (34 + M)W/8 + 6NW
Height 850 + 5W 1}
Width 322 + 75.75N p
Worst Case Power (26.3+3.1M+0.11 W+4.3N+0.0088NW+0.0044MW)VDDzF/1 ,000* | mW
Input Capacitance:
AIM-1:0] 0.09 pF
D[N-1:0] 0.09 pF
RW 0.09 pF
CK 0.23 + 0.23N + 0.08M pF
Sl 0.10 pF
DE 0.26 + 0.18N pF
SD 0.43 + 0.16N + 0.16M pF
TEST 0.22 + 0.14N pF
Output Capacitance:
Q[N-1:0] 0.29 pF
QN[N-1:0] | 0.30 pF
SO 0.34 pF
* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
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Random Access Memory

RAMS2E

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic | Extrinsic
Symbol | \npyt | ouTPUT (ns) (ns/pF)
) 2.0
CKl | QIN-1:0]T 400" 0.6
ckl | QN-1:01 4;‘;'8.. 0.3
QRF 200
Ck! | QN[N-1:0]T 40.0% 0.6
] 2.0*
CKy | QNIN-1:01d 40.0% 0.3
Cck! | soT 5.0 2.0
S Cck! | sol 7.0 2.0

* While not in the Scan-Test mode. Additionally, in situations where the actual clock pulse width high
(call it PWH) is less than (CPH+11)ns, then add (CPL+11-PWH)ns. CPH is the minimum clock pulse
high as given in the Timing Requirements table.

** During Scan-Testing Only.

Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing

Symbol Description Value(ns)

CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/ 768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/ 768
ASU Minimum Address Setup before CK{ 3.0

AH Minimum Address Hold after CK{ 0.0

DSU Minimum Data Setup before CK{ 3.0

DH Minimum Data Hold after CK{ 0.0

RWSU Minimum Read/Write Setup before CK{ 3.0

RWH Minimum Read/Write Hold after CK{ 0.0

SISU Minimum Scan-In Data Setup before CK{ 3.0

SIH Minimum Scan-In Data Hold after CKl 0.0

DESU Minimum Data Enable Setup before CKl 3.0

DEH Minimum Data Enable Hold after CK{ 0.0

SDSU Minimum Select Data Setup before CKl 5.0 + 0.5N

SDH Minimum Select Data Hold after CK{ 0.0
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Random Access Memory RAMS2E

TIMING DIAGRAM:
Functional Mode

l«- WRITE ->{<« READ ->}<« READ —><—FREEZE‘-><— WRITE ->
_CK ’ \;n/ﬁ___ w n:2 n+3 n+4 _
ASU| AH CPH>1< CPL >

DSU{ DH
DIN-1:0] &E j@LQ@ 2 > PINNETIPNNE
RWSU

RWH
DESU : DEH
DE n n+1 n+2 n+3 n+4
QRF
QN-1:0] ©
ol S s s
QN[N-1:0] : :
SD=TEST=1

n=nth cycle number.
*A freeze cycle is executed when DE is low and SD is high. This cycle is provided as a convenience
for freezing the RAMS2E. It can be applied anywhere or not at all. During this cycle information at
inputs A[M-1:0], D[N-1:0], and RW is ignored. Instead, the information that was clocked in by CK in
the previous cycle is reclocked and reused.

**Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.
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Random Access Memory RAMS2E

SCAN TEST MODE TIMING DIAGRAM

Exercise Data Thru
Data Thru External Scan Chain
Scan Chain Random —>{< Again
m cycles Logic
-
o« ” o et mmiz/ fmid Namd
[< CPH>< CPL ASU AH
A[M-1:0] oo @t n+m+3 j&
DSU| DH
D[N-1:0] oo @t n+m+3 j@
RWSU| RWH
RW \ ooe & n+m+3 \
SISU | SiH
DESU | DEH
DE \ oo Q n+m+3 l&
sD oo A eme NS
QRF
QN[N-1:0] SORF
o TN TSR - TS S NS

TEST=0

n=nth cycle number.

*For the scan-testing mode, TEST is set low to place RAMS2E in a pseudo-transparent mode where
the word addressed is simultaneously written and read. Thus, the input data, clocked in on the falling
edge of CK, passes to the outputs Q and QN after CK goes high. With RAMS2E being pseudo-
transparent in this mode, the random logic to RAMS2E can be more easily controlled and observed.

**For the scan-testing mode, CK should be run at one-tenth of the normal functional mode
frequency.

FUNCTIONAL OPERATION

SCAN CHAIN

During LSSD the faults in the external random logic around the RAMSZ2E are tested. Only the input
latches are connected together to form a scan chain; the output latches are by-passed to allow quick
access to the extemnal random logic connected at the outputs. In terms of the primary inputs for the
input latches, the following specifies the ordering of the scan chain:

A[0:M-1], D[0:P-1], RW, D[P:N-1]

where P (= N/2) is rounded up to the nearest integer.
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Random Access Memory RAMS2E

RAMS2E Mode Control
Functional/Scan-Testing Mode Control

DE | SD | TEST | Allowed* Mode State

1 1 1 Yes Functional | Normal

0 1 1 Yes Functional | Freeze

1 0 1 No Functional | Data Scanning with RW confusion
0 0 1 No Functional | Data Scanning with RW confusion
1 1 0 Yes Scan Test | Random Logic Clock

0 1 0 No Scan Test | Freeze

1 0 0 Yes Scan Test | Data Scanning

0 0 0 Yes Scan Test | Data Scanning

*The disallowed states can be simulated, but they serve no useful purpose and should be avoided.

USER NOTES

1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.

2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.

3) Ifthe setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

4) The scan-test circuitry is present in the RAMS2E to support the scan-testing of the

surrounding logic, and not the RAMSZ2E itself. In fact, the RAMS2E is constructed so
that it effectively disappears from the chip during scan-testing.
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Random Access Memory RAMS2F

FUNCTIONAL DESCRIPTION AND FEATURES:

RAMS2F is a parameterized static RAM function supported by automatic layout generation software.
The layout of the RAMS2F is implemented as a custom, pitch-matched array of cells that is very area-
efficient.
The RAMS2F has been designed specifically for use on standard cell chips that use a scan-testing
strategy and has overhead circuitry already built-in including:

» Negative Edge-Triggered Input Data Latches with Minimum Set-Up Times

« Negative Edge-Triggered Address Latches with Minimum Set-Up Times

« Negative Edge-Triggered Read/ Write Latch with Minimum Set-Up Time

« Positive Edge-Triggered Output Data Latches with Relaxed Propagation Delays

« Column and Row Decoding

« A Clock Generator that derives all necessary internal clocks from a single clock input.
« A scan-chain that internally connects all of the input latches.

RAMS2F can be customized with the following parameters:

Limits
Parameter | Description
Increment | Min Max
N Bits/Word 1 2 32
M Address Bits 1 3 10
w Words 8 8 1,024
BLOCK DIAGRAM
CK
DE
SD
S| —={ Input =t Internal
Rd/Wr Clock
RW —— Latch Buffers
TEST ~
Input i
A[M-1:0] ) ﬁd rr?ss
atches
Q[N-1:0]
7 MEMORY Quitput j (N-1:0]
Block
. Latches QN[N-1:0]
N | [Input
D[N-1:0 Data
[ ! 7| Latches
L SO
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Random Access Memory RAMS2F

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: A[M-1:0], D[N-1:0], RW, CK, SI, DE, SD, TEST;
OUTPUTS: Q[N-1:0], QN[N-1:0], SO;

Functional Descriptions

Inputs
A[M-1:0] Address In (AO = LSB)
DIN-1:0] Data In
RW Read/Write - (Read ="1")
CK Clock
SI Scan-In Data
DE Data Enable - (Active High)
SD Select Data - (Active High)
TEST Test Mode - (Active Low)
Outputs
Q[N-1:0] Data Out
QNI[N-1:0] Complement Data Out
SO Scan-Out Data
CHARACTERISTICS:

The parameters N, M and W can be used to estimate the characteristics for a RAMS2F that is W
words X N bits per word with M address bits.

Parameter Value Unit

Number of Transistors | 286 + 72M + 184N + (34 + M)W/8 + 6NW

Height 820 + 5W s
Width 322 + 75.75N p
Worst Case Power (26.3+3.1M+0.11 W+3.9N+0.0088NW+0.0044MW)VDDZF /1,000* | mW
Input Capacitance:
A[M-1:0] 0.09 pF
DIN-1:0] 0.09 pF
RwW 0.09 pF
CK 0.23 + 0.08N + 0.08M pF
Si 0.10 pF
DE 0.26 + 0.18N pF
SD 0.43 + 0.16N + 0.16M pF
TEST 0.18 pF
Output Capacitance:
Q[N-1:0] 0.27 pF
QN[N-1:0] | 0.27 pF
SO 0.34 pF

* VDD = the power supply voltage in Volts and F = the clock frequency in MHz.
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Random Access Memory RAMS2F

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic Extrinsic
Symbol | \npyt | outPuT (ns) (ns/pF)
ckT | QN-1:0p7 21+N/8+(2+I:c/’8())('\fv-256)/ 768 0.6
oK | Q-1 21+N/8+(2+r: c/)8())(){*/—256)/ 768 03
QRF o .
okt | anN-1opt 21+N/8+(2+l:(/)8())('\{v~256)/ 768 06
ck? | aN[N-1:0p 21+N/8+(2+I:(/)8())(.YV-256)/ 768 0.3
ck! | soT 5.0 2.0
SORF ckl | sol 7.0 2.0
* While not in the Scan-Test mode.
** During Scan-Testing Only.
Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing
- Value
Symbol Description (ns)
CPH Minimum Clock Pulse High 10+N/8+(2+N/8)(W-256)/ 768
CPL Minimum Clock Pulse Low 10+N/8+(2+N/8)(W-256)/ 768
ASU Minimum Address Setup before CKl 3.0
AH Minimum Address Hold after CKl 0.0
DSU Minimum Data Setup before CK{ 3.0
DH Minimum Data Hold after CK{ 0.0
RWSU Minimum Read/Write Setup before CKl 3.0
RWH Minimum Read/Write Hold after CK{ 0.0
SIsu Minimum Scan-In Data Setup before CK{ 3.0
SIH Minimum Scan-In Data Hold after CK{ 0.0
DESU Minimum Data Enable Setup before CKl 3.0
DEH Minimum Data Enable Hold after CKl 0.0
SDSU Minimum Select Data Setup before CK{ 5.0 + 0.5N
SDH Minimum Select Data Hold after CK{ 0.0
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Random Access Memory

FUNCTIONAL MODE TIMING DIAGRAM

RAMS2F

RW

CK /

NI

AH

n+l A
< CPL >

l<- WRITE —=>{<« READ ‘>|<— READ -

n+2
< CPH

|« FREEZE —

n+3

<= WRITE -

n+4

n(-j@( BINEETER N N\ ET e

ASU
AM-1:0] SE)
DsU

DH

DIN-1:0] @E_)n(—;'®< ni QO 2 <X

RWH

DE

n+1

QRF

Q[N-1:0] -

QN[N-1:0]
SD=TEST=1

n=nth cycle number.

*A freeze cycle is executed when DE is low and SD is high. This cycle is provided as a convenience
for freezing the RAMS2F. It can be applied anywhere or not at all. During this cycle information at
inputs A[M-1:0], D[N-1:0], and RW is ignored. Instead, the information that was clocked in by CK in
the previous cycle is reclocked and reused.
**Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last READ
output is continuously available during subsequent WRITE operations.
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Random Access Memory RAMS2F

SCAN TEST MODE TIMING DIAGRAM

Exercise Data Thru
Data Thru External Scan Chain
Scan Chain Random =< Again
m cycles Logic
-
K LI 41 nmiz” hames” Naemed
€ CPH>< CPL ASY AH
A[M-1:0] see & n+m+3 k
DsSU| DH
DIN-1:0} oo & n+mg& NN
RWSU] RWH
RW oo n+m+3 k
SISU | SIH
DESU | DEH

DE - bl d n+m+3 K

QRF

Q[N-1:0] : ®< @ = >® v ®< n+m+1 >®< n+m+2 >®< n+m+3 >®

QNN-1:0] SORF

SO @( n @(nn eoe ®<n+m+2 ®<n+m+3 @(

TEST=0

n=nth cycle number.

*For the scan-testing mode, TEST is set low to place RAMS2F in a pseudo-transparent mode where
the word addressed is simultaneously written and read. Thus, the input data, clocked in on the falling
edge of CK, passes to the outputs Q and QN after CK goes high. With RAMS2F being pseudo-
transparent in this mode, the random logic to RAMS2F can be more easily controlled and observed.

**For the scan-testing mode, CK should be run at one-tenth of the normal functional mode
frequency.

FUNCTIONAL OPERATION

SCAN CHAIN

During LSSD the faults in the external random logic around the RAMS2F are tested. Only the input
latches are connected together to form a scan chain; the output latches are by-passed to allow quick
access to the extemal random logic connected at the outputs. In terms of the primary inputs for the
input latches, the following specifies the ordering of the scan chain:

A[0:M-1], D[0:P-1], RW, D[P:N-1]

where P (= N/2) is rounded up to the nearest integer.
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Random Access Memory RAMS2F

RAMS2F Mode Control
Functional/Scan-Testing Mode Control

DE | SD | TEST | Allowed* Mode State

1 1 1 Yes Functional | Normal

0 1 1 Yes Functional | Freeze

1 0 1 No Functional | Data Scanning with RW confusion
0 0 1 No Functional | Data Scanning with RW confusion
1 1 0 Yes Scan Test | Random Logic Clock

0 1 0 No Scan Test | Freeze

1 0 0 Yes Scan Test | Data Scanning

0 0 0 Yes Scan Test | Data Scanning

*The disallowed states can be simulated, but they serve no useful purpose and should be avoided.

USER NOTES

1) Outputs Q[N-1:0] and QN[N-1:0] are latched at each READ operation. Therefore, the last
READ outputs are continuously available during subsequent WRITE operations.

2) No glitches are allowed on the clock input CK. If the minimum clock pulse widths (high or
low) are violated, any of the internal memory contents can be corrupted.

3) If the setup and hold time specs on the address inputs are violated, any of the internal
memory contents can be corrupted.

4) The scan-test circuitry is present in the RAMS2F to support the scan-testing of the

surrounding logic, and not the RAMS2F itself. In fact, the RAMS2F is constructed so
that it effectively disappears from the chip during scan-testing.
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Register File REGFILE

FUNCTIONAL DESCRIPTION AND FEATURES

REGFILE is a parameterized register file function supported by automatic layout generation software.
The layout of the REGFILE is implemented as a custom, pitch-matched array of cells designed to be
area-efficient.

REGFILE has been designed specifically for use on standard cell chips and has the following
features:

+ Separate Read/Write Addressing permits simultaneous reading and writing.

 Asynchronous read operation.

« Tristate Outputs.

« Synchronous write operation requiring a single clock.

« Organized as W words of N bits.

+» Negative edge triggered address, write enable and input data registers.
REGFILE can be customized with parameters N and W of the following table:

Limit

Parameter | Description
Increment | Min | Max

N Bits/Word 1 2 32
M Address Bits 2 4 8
w Words 2 2 128

BLOCK DIAGRAM

SCLK
AN -
D[O0:N-1] Input Data | CKS |  Clock Write WE
—7| Latches Buffer Enable [~
Buffer
CKN i
RA[O:M-1] | Read Address MEMORY Address Write WA[0:M-1]
Address |—=>{ Decoder [—> BLOCK <— Decoder [<— Address K
7| Buffers Block Block Buffers
Tristate
RD[0:N-1] <:: —| output [T REN
Buffers
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Register File REGFILE

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: RA[0:M-1], D[0:N-1], RESET, WE, IWA[0:M-1], SCLK, RDEN;
OUTPUTS: RD[O:N-1];

Functional Descriptions

Inputs
RA[O:M-1] Read Address Bits, RAQ is the LSB
D[O:N-1] Data Inputs
RESET Write all registers (No longer supported, RESET must be low)
WE Write Enable (WE=1 Write)
IWA[0:M-1] Write Address Bits (IWAQ is the LSB)
SCLK Write Clock
RDEN Output Enable Not

Outputs
RD[0:N-1] Data Out Functional Mode

CHARACTERISTICS

The parameters N, M and W can be used to estimate the characteristics for a REGFILE that is W
words X N bits per word.

Parameter Value Unit
Height 280.875 + 19.625W i
Width 128.625 + 34.375N + 40.25M 1}

Worst Case Power (24N + f (1.02 + 0.43M + 0.54N 2
+ (0.045 + 0.013N + 0.026M) W)) VDD“/1000* mw

Transistors 64 + 12W + 49N + 46M + 8WN + 4WM

Input Capacitance:
RA[0:M-1] 0.075 pF
D[O:N-1] 0.023 pF
RESET 0.029 pF
WE 0.058 pF
IWA[0:M-1] 0.029 pF
SCLK 0.256 + 0.055N + 0.063M pF
RDEN 0.079N pF

Output Capacitance: :
RD[0:N-1] 0.100 pF

* VDD = power supply potential (Volt), f = write clock frequency / frequency of read access (MHz).
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Regqister File

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
symool | [ET | ouTeur lm(:ig)sm E():;i/;ii)c
RR RA[0:M-1] | RD[O:N-1] | 15.7 + 0.082W + 0.061N 0.7
CLKR SCLK! | RD[0:N-1] | 5.51+ 0.061W + 0.066N 0.7
TIMING REQUIREMENTS
VDD=5.0V, T=25°C, Nominal Processing
Symbol Description Value Unit
WESU | WE Setup before SCLK{ 1.1
WEH WE Hold after SCLK{ 0.0
WASU | Write Address Setup before SCLK! | 1.2
WAH Write Address Hold after SCLK{ 0.0
DSU D[0:N-1] Setup before SCLK{ 0.9 "
DH D[0:N-1] Setup after SCLK{ 0.0
CKPL Minimum SCLK Pulse Low 1.9 + 0.022W + 0.09N
CKPH Minimum SCLK Pulse High 1.2
8-88 ATsl
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Register File REGFILE
TIMING DIAGRAM

CKPL | CKPH

SCLK WESU

WASU

DSU WEH, WAH, DH
W T ORSSK
D[0:N-1]
IWA[O:M-1] CLKR
RD[0:N-1] R SL

RR
RA[0:M-1] RA[O:M-1] = IWA[0:M-1]
USER NOTES

1) Extra Address Bit: The architecture of REGFILE requires M, the number of address bits,
to be an even integer. Many possible configuration of REGFILE, therefore, will have an
extra address bit. The extra bit is the most significant bit and should be tied low.

2) Reset: The reset option is no longer supported. The reset signal should be tied low.

3) Zero Hold Times: Hold times, as specified, is defined as the time needed after the active
edge of the clock to shut off the input latch. A hold time of 0.3ns guarantees proper
operation even if the clock falls at a very slow rate.
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Read Only Memory ROMS1A

FUNCTIONAL DESCRIPTION AND FEATURES

ROMS1A is a parameterized static fully decoded ROM function supported by automatic layout
generation software. The layout of the ROMS1A is implemented as a custom, pitch-matched array of
cells that is very area-efficient.

The ROMS1A has been designed specifically for use on standard cell chips, and as such, has
overhead circuitry already built-in including positive edge-triggered output latches and full column and
row decoding. Input latches are NOT included with the ROMS1A. Addresses should be latched with
standard cell flip-flops.

The ROMS1A can be customized with the following parameters:

Limit

Parameter | Description
Increment | Min | Max

N Bits/Word 1 2 32
M Address bits 1 6 1
w Words oM 64 | 2048

BLOCK DIAGRAM

Ao == Row + Columnl__y
CK Memory
Q[N-1:0] &—— Output . Array
QN[N-1:0] <—— Latches *
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Read Only Memory ROMS1A

TERMINAL DESCRIPTIONS
Netlist Order

INPUTS: A[M-1:0], CK, CKN;
OUTPUTS: Q[N-1:0], QN[N-1:0];

Functional Descriptions

Inputs
A[M-1:0] Address Inputs
CK Output Data Latch Clock
CKN Inverted Precharge Clock
Outputs
QIN-1:0] Data Outputs
QNIN-1:0] Complement Data Outputs
CHARACTERISTICS

The parameters N, M, and W can be used to estimate the characteristics for a particular version of
the ROMS1A.

Parameter Value Unit
Number of Transistors: 0‘133(W/64)2 + 77.34(W/64) + 212.52
+ 54N + (# of logical 0's)
Height 0.625W + 252.125
1
Width 47.25N + 10 M + 283.125
Worst Case Power 0.22VDD?fNW* Y
Input Capacitance: 4
A[M-1:0] 0.148 + (1.13 X10)W
cK 0.0965N + (1.23X10°)W + 0.135 pF
CKN 0.56N + (5.55X10°)W + 1.050
Output Capacitance:
QIN-1:0] 0.148 F
QN[N-1:0] | 0.146 P

* VDD = the power supply voltage, f = the clock frequency in MHz.
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Read Only Memory ROMS1A

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Intrinsic | Extrinsic
Symbol | \\pyt | ouTPUT | (ns) (ns/pF)
CKT | Q[N-1:0]T | 1.4 1.9
QRF
CKT | Q[N-1:0l | 0.8 1.2
Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing
Symbol Description Value Unit

CKNL Minimum Precharge Clock Low 0.012(NW/256) + 1.51(N/4) + 0.28(W/64)
+ 4.74 + SKEW

CKL Minimum Clock Low 0.014(NW/256) + 0.37(N/4)
+ 0.23(W/64) + 3.54

ns
ADSU | Minimum Address Set-Up Time | 0.02(N/4)2 + 0.9(N/4) + 1.16

ADH Minimum Address Hold Time (0]
SKEW Clock Skew >0
|
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Read Only Memory ROMS1A

TIMING DIAGRAM

Decode Precharge
I\ VO NN
cK CKL
>| e SKEW CKNL o)

CKN — )/—x____/

ADSU ADH
AM-1:0] §t X

QRF

QIN-1:0] <§<

QNIN-1:0] : 5 X
USER NOTES

1) The ROMS1A can only be generated fully decoded. When a word count is desired that
does not lend itself to full decoding, choose the next largest size. The remaining words
will be set to logical 1's.

2) CKN must be generated from CK.

3) Input latches are NOT included with the ROMS1A. Any changes in the Address during
the decode will result in corrupt output data.

4) The Rise/Fall times for CK and CKN should be less than 25ns.
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Read Only Memory ROMS2A

FUNCTIONAL DESCRIPTION AND FEATURES

ROMS2A is a parameterized static fully decoded ROM function supported by automatic layout
generation software. The layout of the ROMS2A is implemented as a custom, pitch-matched array of
cells that is very area-efficient.

The ROMS2A has been designed specifically for use on standard cell chips, and as such, has
overhead circuitry already built-in including negative edge-triggered output latches and full column
and row decoding. Input latches are NOT included with the ROMS2A. Addresses should be latched
with standard cell flip-flops.

The ROMS2A can be customized with the following parameters:

Limit

Parameter | Description
Increment | Min | Max

N Bits/Word 1 2 32
M Address bits 1 6 11
w Words oM 64 | 2048

BLOCK DIAGRAM

Read
Decoders
CKoO Only
CK1 Memory

Q[N-1:0] &—— Output — Array
QN[N-1:0) &——  Latches
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Read Only Memory ROMS2A

TERMINAL DESCRIPTIONS
Netlist Order

INPUTS: A[M-1:0], CKO, CKNT;
OUTPUTS: Q[N-1:0], QN[N-1:0];

Functional Descriptions

Inputs

A[M-1:0] Address Inputs

CKo Precharge Clock

CK1 Output Data Latch Clock
Outputs

Q[N-1:0] Data Outputs

QN[N-1:0] Complementary Data Outputs

CHARACTERISTICS

The parameters N, M, and W can be used to estimate the characteristics for a particular version of
the ROMS2A.

Parameter Value Unit
Number of Transistors: 0.133(W/64)2 + 77.34(W/64) + 212.52
+ 54N + (# of logical 0s)'
Height 0.625W + 252.125
p
Width 47.25N + 10 M + 283.125
Worst Case Power 0.22VDD2fNW* uw
Input Capacitance: 4
A[M-1:0] 0.148 + (1.13X10° )Vx
CK1 0.0965N + (1.23X10°")W + 0.135 pF
CKO 0.56N + (5.55X10°°)W + 1.050
Output Capacitance:
Q[N-1:0] 0.148 F
QN[N-1:0] | 0.146 P

* VDD = the power supply voltage, f = the clock frequency in MHz.

ATsl 8-95

Parameterized Macrocells

iy




Read Only Memory ROMS2A

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, NOM Processing

From To Intrinsic | Extrinsic
Symbol | \wpyt | outPuT | (ns) | (nsipF)

CK1T | QIN-1:0]T | 1.4 1.9
QRF

CK1T | QN-1:0]4 | 0.8 1.2

Timing Requirements
VDD=5.0V, T=25°C, NOM Processing

Symbol Description Value Unit
CK1H Minimum Clock High 0.014(NW/256) + 0.37(N/4)

+ 0.23(W/64) + 3.54

CKoL Minimum Precharge Clock Low | 0.012(NW/256) + 1.51(N/4) + 0.28(W/64)
+ 4.74 + SKEW

2 ns
ADSU | Minimum Address Set-Up Time | 0.02(N/4)° + 0.9(N/4) + 1.16

ADH Minimum Address Hold Time 0
SKEW | Clock Skew 0
8-96 —=ATlarl Parameterized Macrocells



Read Only Memory ROMS2A

TIMING DIAGRAM

Decode Precharge
CK1 —/( — /—l__/
CK1H
< SKEW oKoL o
Cko \__J/——L/
ADSU ADH
AIM-1:0] >
QRF
Q[N-1:0] ‘1
QN[N-1:0] 5 ; g X

USER NOTES

1) The ROMS2A can only be generated fully decoded. When a word count is desired that
does not lend itself to full decoding, choose the next largest size. The remaining words
will be set to logical 1’s.

2) CKO should be applied in such a way as to minimize skewing with respect to CK1. Any
skewing between the clocks will detract from the performance of the ROMS2A.

3) Input latches are NOT included with the ROMS2A. Addresses should be latched with
standard cell flip-flops.

4) The Rise/Fall times for CKO and CK1 should be less than 25ns.

5) If the Rise/Fall times for CK1 and CKO are greater than 25ns, CKO must be delayed from
CK1 to insure the proper latching of the data outputs.

Parameterized Macrocells
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Dynamic Shift Register SRGEN

FUNCTIONAL DESCRIPTION AND FEATURES:

SRGEN is a parameterized Shift Register function supported by automatic layout generation
software. The layout of SRGEN is implemented as a custom, pitch-matched array of cells that is very

area efficient.
SRGEN has been designed specifically for use on standard cell chips and has the following features:
« Requires non-overlapping Master and Slave clocks.
» Can be implemented with multiple tap bits.
- Tap Bits can be automatically placed along the shift register.
« Outputs, including tap bits, are properly buffered to interface with standard cell

circuitry.
« The aspect ratio of the shift register can be easily modified to suit the needs of the chip
layout.
The Shift Register can be customized with the following parameters:
Limit
Parameter Description
Increment | Min Max
N Bits in Depth 1 1 65,000
TiresTh Tapped Locations 1 0 65,000
M Rows to Fold the Array 1 1 N/205

BLOCK DIAGRAM

SCK
MCK . .
D Bit Bit Bit —| Bt 2
— | 1 —> 000 —> i - (i+1) —> o060 n
Ti
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Dynamic Shift Register SRGEN

TERMINAL DESCRIPTIONS
Netlist Order

INPUTS: MCK, SCK, D;

OUTPUTS: T,,... T, Q;

Functional Descriptions

Inputs
MCK Master Clock
SCK Slave Clock
D Data Input

Outputs
T Ty Tapped Data Out (Subscript corresponds to the register position

tapped)
Q Data Out (Tap of last register)
CHARACTERISTICS

The parameters N, T and M can be used to estimate the characteristics for a Shift Register that is N
bits deep, has T tapped locations and is folded into M rows.

Parameter Value Unit
Number of Transistors | 8N + 4T + 4
Height 33.125M + 4T +3.75(N/244)" + 17
1)
Width 24.75[(N+2T+1)/M]* + 0.004N + 40
Worst Case Power VDD?#(0.0556N + 2.268T)™ uw
Input Capacitance:
D 0.010
MCK [2.9H + 1.63W(N/244)* + 1.96(HN/M + 28.129N + 15)***|104| pF
SCK [2.9H + 1.63W(N/244)* + 1.96(HN/M + 28.120N + 15)***]10™*
Output Capacitance:
Q 0.000163W/2"*** + 0.091 F
T Th 0.000163W/2"*** + 0.091 P

Round to the next higher integer.
** VDD = the power supply voltage, f = the clock frequency in MHz.
***  Hand W represent the height and the width(in microns) of the shift register respectively.

****  The term given here represents an average value. To get a more accurate value replace W/2 by
the actual distance from the tapped(or last cell) to the edge of the shift register where the
corresponding output terminal is located.

Parameterized Macrocells
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Dynamic Shift Register

SRGEN

SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing

From To Intrinsic | Extrinsic
Symbol | \npyt | ouTPUT | (ns) | (nsipF)

SckT | aT 3.1 0.9

sckT | al 2.6 0.6

SQ
SCKT | T T, T 3.1 0.9
SCKT Ti,.,.,Tni 2.6 0.6
Timing Requirements
VDD=5.0V, T=25°C, Nominal Processing

Symbol Description Value Unit
MPH Minimum Master Clock Pulse High 1.5 ns
MPER Minimum Master Clock Cycle 3.4 ns

Maximum Master Clock Cycle 41.7 us
SPH Minimum Slave Clock Pulse High 1.8 ns
SPER Minimum Slave Clock Cycle 29+ 25Ch," | ns

Maximum Slave Clock Cycle 41.7 us
MSNO Minimum Time Between Master and Slave Pulses | 0.3™ ns

Maximum Time Between Master and Slave Pulses | 41.7 *** us
DSU Minimum Data In Setup Time 0.4 ns
DH Minimum Data In Hold Time 0
SQu Maximum Hold Time for Data Out 41.7 us

* Cm ax = the largest capacitive load(in pF) on any single output.

*h

overlap of master and slave pulses at Vihn Must be assured.

*** These values are actually the worst case hold time for the dynamic nodes.
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Dynamic Shift Register SRGEN

TIMING DIAGRAM

<— Master Cycle —T<— Slave Cycle —

MPER SPER —— ]
<— MPH —T< MSNO *|

MCK

SPH MSNO>|

SCK

DSU><DH
D @t :L N
§o < squ L
2Ta N % 2 \\

USER NOTES

1) Inorder to reduce leakage current from the dynamic nodes, every effort should be made
to reduce noise on the clocks and insure that they are indeed non-overlapping.

2) The propagation delay shown in the tables is worst case for the cell furthest from the
slave clock input terminal. There is some skew, due to routing parasitics, in the clock delay
to different tapped locations.

3) The dynamic shift register is inherently subject to alpha induced soft errors. This macrocell
should not be used to store critical data.
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Linear CMOS Cells General Information

Introduction

This section describes the Linear CMOS cells that are available for use with the 1.25p Standard Cell
Library. The reason for the introduction of linear cells into an otherwise digital world is to add
versatility to the digital chips by providing functions that can not be done with strictly digital circuits.

The linear cells are designed to be as similar to the digital standard cells and buffers as possible. The
digital CMOS process, with only a single level of polysilicon, is standard. The software for circuit
simulation, netlist capture, and layout is identical to that used on digital cells. The linear cells are also
designed to be testable in a digital environment. It is intended that the linear cells form a small part of
the entire chip, typically less than 10% of the area.

Since most linear CMOS cells in this library are /O intensive, they are configured to be placed in the
buffer area on the periphery of the chip. Many of them will fit into the standard 1/O buffer ring and
connect to the buffer power supplies. Some linear cells, however, are too noise sensitive to use these
digital power supplies, and they require their own power and ground connections.

Many VLSI CMOS chips are designed to be retrofits of existing SSI boards. The linear chips on
these boards are mostly bipolar. Bipolar linear circuits usually have some performance characteristics
not obtainable with linear CMOS. It may not be possible for a linear CMOS cell to meet the specs of
a (bipolar) part that is currently in use. Therefore, consult with your AT&T representative about what
specs are realistic.

CAD Support Files

The CAD Support files for Linear CMOS are modeled as closely as possible after those used for
digital circuits.

ADVICE

The standard process files used for ADVICE simulations of digital circuits (apronc.dat, aprolc.dat,
and aprohc.dat) are also used with the Linear Cells. In addition to these process files, a special
device file advidev.dat, from the linear library, must be used in order to run ADVICE.

The easiest way to do this is to include the line .USE advldev.dat in your ADVICE file.

All of the linear cells have been characterized using ADVICE, and the resulting characteristics are
presented in the following pages. Unless otherwise specified, the worst-case simulations were all
done assuming VDD=5 volts +10%, a temperature range of 0°C to 100°C, standard (digital) fast and
slow process files, and a £30% variation from nominal resistor values. Any circuit parameters that are
not specified cannot be guaranteed.

Since P+ resistors are used in many Linear Cells, the model parameter SCAL of the PPLUS resistor
model is used to globally adjust the scale factor of these resistors. It is initialized at unity in
advidev.dat. The variation of resistors due to process drift is +30%. Thus for low resistors use
.MODEL PPLUS SCAL=0.7 and for high resistors use .MODEL PPLUS SCAL=1.3. In addition to
this global scaling ability, the resistor model has built-in temperature and voltage coefficients.

MOTIS3

Simulations with MOTIS3 models are not intended to replace ADVICE simulations. The true analog
nature of these circuits cannot be simulated in the current MOTIS3 environment. The real reason to
use the MOTIS3 models is that they allow the designer to use a single netlist throughout the design
process. However, ADVICE is still required to simulate the detailed analog behavior and timing, using
the circuit descriptions found in the file advic.dat from the linear library.
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Schmitt Trigger Input Buffer

Inverting CMOS Level

FUNCTIONAL DESCRIPTION

These are inverting Schmitt trigger CMOS level input buffers, designed for use with slowly varying

and/or noisy signals which cause ordinary input buifers to oscillate.

NETLIST ORDER
INPUTS: IN;
OUTPUTS: OUT;

CIRCUIT INFORMATION

BICSI09[D, T]

PARAMETER CiCGI05

MAX POWER NIL

MAX DELAY * 5.8ns + 0.60ns/pF
MIN DELAY* 2.1ns + 0.22ns/pF
MAX INPUT CAPACITANCE 3.4pF

DC CHARACTERISTICS

(Refer to the figure below)

MIN V- 0.5V

MAX V+ VDD - 0.5V

MIN VH (HYSTERESIS) 1.8V

CELL SIZE
BICSI09D
BICSI09T

337u x 291.75u
175p x 540.125p

*With waveforms as shown below

vDD
VDD-0.5V
ov
OUTPUT
SCHEMA SYMBOL
@—[>o— out
VOuT PAD
«— \VH —>
V- V+ VIN
Low-Going  High-Going
Threshold Threshold
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Schmitt Trigger Input Buffer

Non-inverting CMOS Level

FUNCTIONAL DESCRIPTION

BICSNO9[D, T]

These are non-inverting Schmitt trigger CMOS level input buffers, designed for use with slowly vary-
ing and/or noisy signals which cause ordinary input buffers to oscillate.

NETLIST ORDER

INPUTS: IN;
OUTPUTS: OUT;

CIRCUIT INFORMATION

PARAMETER BICSNO9

MAX POWER NIL

MAX DELAY * 6.1ns + 0.60ns/pF
MIN DELAY* 2.1ns + 0.22ns/pF
MAX INPUT CAPACITANCE 3.4pF

DC CHARACTERISTICS

(Refer to the figure below)

MIN V- 0.5V

MAX V+ VDD - 0.5V

MIN VH (HYSTERESIS) 1.8V

CELL SIZE

BICSI09D 349u x 291.75u
BICSI09T 175pu x_540.125p

* With waveforms as shown below

vDD
ov

OUTPUT vDD/2

vDD-0.5V

SCHEMA SYMBOL

@—[>— ouT

PAD

TPLH

VOUuT

V- V+ VIN
Low-Going  High-Going
Threshold Threshold
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Schmitt Trigger Input Buffer

Inverting TTL Level

FUNCTIONAL DESCRIPTION

These are inverting Schmitt trigger TTL level input buffers, designed for use with slowly varying

and/or noisy signals which cause ordinary input buffers to oscillate.
NETLIST ORDER

INPUTS: IN;
OUTPUTS: OUT,;

CIRCUIT INFORMATION

BITSI[08,12][D,T]

PARAMETER BITSIOgY I RITSI 2y

MAX POWER at VIN=2V 12mw 4mwW

MAX DELAY * 4.5ns + 0.70ns/pF 9.0ns + 0.70ns/pF
MIN DELAY* 1.4ns + 0.22ns/pF 3.5ns + 0.22ns/pF
MAX INPUT CAPACITANCE 3.8pF 3.8pF

DC CHARACTERISTICS

(Refer to the figure below)

MIN V- 0.8v 0.8V

MAX V+ 2.0V 2.0V

MIN VH (HYSTERESIS) 0.3v 0.3V

CELL SIZE

BITSI[08,12]D 2711 % 291.75n 349y x 291.75u
BITSI[08,12]T 175u x 540.125u 175p % 540.125pn

* With waveforms as shown below

£ av N\
'NPL_’_T/ N 0.8V
oV )\
OouTPUT j\vno/z VDD/2
TPHL
TPLH
SCHEMA SYMBOL
[N} >— our
vouT PAD
«— VH —
V- V+ VIN
Low-Going  High-Going
Threshold  Threshold
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Schmitt Trigger Input Buffer BITSN[08,72][D,T]

Non-inverting TTL Level

FUNCTIONAL DESCRIPTION

These are non-inverting Schmitt trigger TTL level input buffers, designed for use with slowly varying
and/or noisy signals which cause ordinary input buffers to oscillate.

NETLIST ORDER

INPUTS: IN;
OUTPUTS: OUT;

CIRCUIT INFORMATION

PARAMETER BITSNO8x BITSN12x

MAX POWER at VIN=2V 12mw 4mwW

MAX DELAY * 5.0ns + 0.60ns/pF 9.2ns + 0.60ns/pF
MIN DELAY* 1.6ns + 0.22ns/pF 3.5ns + 0.22ns/pF
MAX INPUT CAPACITANCE 3.8pF 3.8pF

DC CHARACTERISTICS

(Refer to the figure below)

MIN V- 0.8v 0.8v

MAX V+ 2.0V 2.0V

MIN VH (HYSTERESIS) 0.3V 0.3V

CELL SIZE

BITSN[08,12]D 275n x 291.75u 363w x 291.75p
BITSN[08,12]T 1751 x 540.125u 175p x 540.125p

* With waveforms as shown below

3V

'Npi/ # N_ 0.8V
oV N
OuTPUT VDD/2 VDD/2
TPHL SCHEMA SYMBOL
TPLH ~
[IN] ouT
PAD -
VOUT
V- V+ VIN

Low-Going High-Going
Threshold Threshold
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Loss of Signal Detector LOT15U

FUNCTIONAL DESCRIPTION

The function of the LOT15U is to detect the loss of a signal which, under proper operating condi-
tions, regularly changes its state. This would most often be used with a clock, but can be used with
any signal.

This cell detects either a stuck-high or stuck-low condition. It will work with any signal in the frequen-
cy range of 250KHz to 100MHz, whose duty cycle is between 20% and 80%.

In order to use ADVICE with the LOT15U, the cells BISN2A, SINRB, and SNR2, from the linear
CMOS library, must be appended to the main circuit.

The cell height is the same as digital D and P style buffers. This cell does not contain a bonding pad.

NETLIST ORDER

INPUTS: IN;

OUTPUTS: OUT;

CIRCUIT INFORMATION
PARAMETER LOT15U
MAX POWER 1mwW
DETECT TIME TD
MINIMUM 7us
NOMINAL 15ps
MAXIMUM 31pus
RECOVERY TIME TR
MAXIMUM 0.2us
CELL SIZE 372 x 291.75p

INPUT STUCK LOW

out —1m—{ — |—m

TIME
INPUT STUCK HIGH IN | 7 ouT

w i [ | [
=R _

ouT - TD—)l

SCHEMA SYMBOL

!

TIME
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Low Voltage Detector LVD[60,600]

60mV or 600mV hysteresis

FUNCTIONAL DESCRIPTION

These circuits provide a high output whenever VDD exceeds a threshold voltage. The nominal
threshold is 3.79 volts, with a 60mV (nominal) hysteresis for LVD60, and with a 600mV (nominal)
hysteresis for LVD600. The actual threshold depends on processing and temperature.

The subcircuit CPOSE, for LVD60, and subcircuit CP09D, for LVD600, must be used in order to run
ADVICE. The subcircuits are located in the linear CMOS library.

The cell heights are the same as digital D and P style buffers. These cells do not contain bonding
pads.

NETLIST ORDER

OUTPUTS: OUT:

CIRCUIT INFORMATION

LVD60 LVD600
PARAMETER V+ V- HYSTERESIS V+ V- HYSTERESIS
(volts) (volts) (mV) (volts) (volts) (mV)

MAXIMUM® 436 428 80 434 364 700
MAX TEST** 428 420 80 424 349 750
NOMINAL 379 373 60 379 319 600
MINIMUM®** 314 310 40 313 263 500
MAX POWER 2mw 1mwW
CELL SIZE 493 50 x 291,75 49351 x 291.75

* Maximum conditions: Slow process, resistors low, T=0°C
** Maximum test conditions: Slow process, resistors low, T=85°C
*** Minimum conditions: Fast process, resistors high, T=100°C

SCHEMA SYMBOL

VDD
V+ sy
AN
LVD[60,600]
TIME
out |
“\\HYSTERESIS
B 4
out
TIME SLOPE=1,
< HYSTERESIS

V- V+ VDD
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Power-up Reset PURA[3M,300U,30U]

3ms, 300us, 30us Nominal Pulse Width
with Test Mode
FUNCTIONAL DESCRIPTION

These circuits are designed to provide a clear pulse immediately upon chip power-up. After a time TP,
the clear pulse goes low, and stays low as long as VDD stays high and the test input TST is low.

The cell heights are the same as digital D and P style buffers. These cells do not contain bonding
pads.

NETLIST ORDER

INPUTS: TST;

OUTPUTS: OUT;

CIRCUIT INFORMATION

PURA3M PURA300U PURA30U
PARAMETER
T™W TP TI ™ TP TI ™ TP Tl

MAXIMUM N/A 7ms* 200ns [ N/A 700us*™ 70ns | N/A 70us*** 70ns
NOMINAL N/A° 3ms 90ns | N/A 300us 30ns | N/A  30us 30ns
MINIMUM 300ns 1.5ms 45ns {100ns 150pus 15ns |100ns 15pus  15ns
MAX POWER 0.5mw 0.5mwW 0.5mwW
CELL SIZE 534 x 291.75u 369 x 291.75u 369u x 291.75p

*As long as VDD>4 volts within 1ms of start-up
**As long as VDD>4 volts within 100us of start-up
*** As long as VDD>4 volts within 20pus of start-up

VDD /
ouT F TP P

TST Tl

SCHEMA SYMBOL

ouT

TST

\/
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Test Function Enhancement Circuit TBAD

FUNCTIONAL DESCRIPTION

This circuit is a two-bit A/D converter which is designed to operate in a noisy digital environment. It
will provide four undecoded states from a single input pad as an aid in selecting different test paths
during wafer or package testing. The circuit should not be used as a general purpose A/D. To save
on power, connect IN to VSS when not actually using the circuit.

The subcircuits CPO1TBD, CP02TBD, and CS2TBD from the linear CMOS library must be used with
TBAD in order to run ADVICE.

The cell height is the same as digital D and P style buffers.

NETLIST ORDER
INPUTS: IN;
OUTPUTS: A0Q,A1,A2;
CIRCUIT INFORMATION
PARAMETER STATE
VDD | 45 5.0 55 A2 A1 AO
VSS VSS VSS 0 0 0
Vin* 1.687 1.875 2.062 0 0 1
2.812 3.125 3.437 0 1 1
VDD vDD vDD 1 1 1

*The values shown are the recommended input voltages that will maximize noise immunity.

PARAMETER TBAD
MAX POWER 5mwW
MAX DELAY 110ns
CELL SIZE 644.251 x 291.75
CELLLAYOUT
SCHEMA SYMBOL
IN -1 IN - AO—
PAD PAD Al|—
b 2=
At A2 A0
Linear CMOS Cells ATar
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Crystal Oscillators GENERAL INFORMATION

Introduction

The crystal oscillators available in the AT&T 1.25p CMOS Standard Cell library are all of the Pierce
type. An inverter is used as the amplifying element, the crystal is connected between input and
output terminals, and capacitors are connected from input to ground and from output to ground,
respectively. The generic circuit topology is shown in Figure 1. This circuit configuration operates the
crystal in a parallel resonant condition, which means that the operating frequency will be several
hundred ppm (parts per million) above the crystal’s series resonant frequency, and will be dependent
on the capacitances present in the circuit.

Several different oscillator cells are available. Their distinguishing characteristics are frequency range,
presence or absence of on-chip capacitors, and level compatibility (TTL or CMOS) for input buffer
applications. Refer to the individual data sheets for specific information about these characteristics.

N =>o—> OUT tochi
L outter interior
'l>_. /ANAA
k Rs
XLO [:Il { i XHI
Crystal
T ca _];cn

Figure 1. Pierce CTystaI Oscillator Based on CMOS inverter

As shown in Figure 1, the crystal terminals are XLO and XHI. XLO is the input side of the amplifier
and XHI is the output side. Because these terminals are pads for external connections, the usual
protection circuitry is in place (adding approximately 2 picofarads of shunt capacitance and 200Q2 of
series resistance to each pad). Capacitors Ca and Cb may be on or off-chip. Resistor Rs is on-chip,
and has a nominal value of 1000Q. The signal from the oscillator is taken from the XLO terminal, and
buffered by two inverter stages before passing into the chip interior.

Crystal Considerations

The operation of the oscillator is influenced to a great extent by the characteristics of the particular
crystal being used. For a specific application, the crystal and the oscillator circuit must be considered
(and possibly simulated) together to verify acceptability of performance.

The crystal chosen for operation with any of these oscillators must be a fundamental mode unit. The
frequency should be specified under parallel resonance conditions, with a load capacitance which is
approximately 2pF more than the series combination of capacitors Ca and Cb. (Ca and Cb include
any stray capacitances present on their respective nodes). The frequency tolerance and stability
should be specified according to the needs of the application; £100 ppm is commonly available at
reasonable cost, with tighter specs available at higher cost.

A ceramic resonator behaves like a low-Q crystal, and may be used as a less expensive alternative to
the quartz crystal with any of these oscillators. Generally, this substitution trades off some degree
of frequency stability for lower component cost and faster oscillator startup.

The Negative Resistance Plot

It is convenient to characterize an oscillator circuit in terms of its negative resistance. The impedance
seen looking into the oscillator terminals (with the crystal removed) consists of a negative imaginary
part (indicating net capacitance) and a negative real part (see Figure 2). The negative real part is indi-
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Crystal Oscillators GENERAL INFORMATION

cative of the circuit's potential for oscillation. A parallel resonant crystal appears as an equivalent
resistance-inductance series combination. If the magnitude of negative resistance (at the crystal fre-
quency) is greater than the crystal resistance, the net resistance will be negative, and the circuit will
oscillate at the frequency where the crystal's inductance cancels the circuit’'s capacitance.

Each oscillator cell datasheet displays its negative resistance versus frequency. To produce a more
useful graph, we have included the shunt capacitance of the crystal (C0) and the capacitors Ca and
Cb with the oscillator in plotting the negative resistance characteristics shown in the oscillator data
sheets. This way, the series resistance (R7) of the crystal may be directly compared to the negative
resistance plot. Not shown, but also included in the simulation which produced the negative resis-
tance plots, are typical stray capacitances of 5pF from each crystal terminal (XLO, XHI) to ground,
and 2pF between the crystal terminals.

> XLO {>c——-[>o—>

L1 Leq

Rs

C1
s > XHI
H/_/
Capacitors N\ /
~—
(External or Internal) Oscillator Standard Cell

Crystal

Zin —>

NEGATIVE RESISTANCE = Real (Zin)

Figure 2. Comparison of Crystal Series Branch Impedance with Oscillator Impedance

Oscillator Operation

To determine whether oscillation is possible with a given crystal and oscillator, obtain the negative
resistance at the crystal frequency from the plot in the data sheet. Compare the magnitude of
negative resistance with the maximum resistance (R7) specified on the crystal data sheet. The crystal
resistance should be smaller by at least a factor of two for reasonable loop gain margin (reliable
oscillation under a variety of conditions). '

A capacitor (Ca,Cb) must be connected from each pad to circuit ground for proper operation.
External capacitors may be used, or the optional on-chip capacitors may be selected by choosing the
proper oscillator. In the latter case, the only required external component is the crystal. For XC-
prefix oscillators, the two external capacitors should be the same value. For XT-prefix oscillators, the
value of Ca should be 2 to 3 times larger than the value of Cb.

The oscillator frequency stability is primarily governed by the crystal, but can be affected by any
perturbation in the capacitances of the circuit. Generally, larger capacitances (at Ca and Cb) produce
better frequency stability, because unknown (e.g. stray) capacitances can be kept to a smaller
fraction of the total.

A crystal behaves like a tuned circuit with a very high Q (quality factor). Because of this, many thou-
sands of cycles are required for the amplitude of the oscillation to grow to its steady-state level after
power is applied. Up to 20 milliseconds should be allowed for oscillations to reach steady state at low-
er (< 10 MHz) frequencies. Start-up time generally increases with increasing crystal Q, increasing
capacitive load, and decreasing frequency.
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Crystal Oscillators GENERAL INFORMATION

Input Buffer Operation

If an external clock signal is available, the oscillator cell may be used as a noninverting input buffer.
XC-prefix cells are CMOS-compatible; XT-prefix cells are TTL-compatible. During input buffer
operation, the input signal must be applied at the XLO pad, and the XHI pad must be left
unconnected. External components (crystal, capacitors) should not be used during operation as an
input buffer.

Standard Characterization Conditions

Worst-case characterization of the crystal oscillator cells has been performed under those conditions
which minimize negative resistance, and, separately, under those conditions which maximize power
consumption:
1) For negative resistance: maximum capacitance at XLO (Ca) and at XH| (Cb), worst-case
slow processing, high (100°C) temperature and low (4.5 volts) VDD.
2) For power consumption: maximum capacitance at XLO (Ca) and at XHI (Cb), worst-case
fast processing, low (0°C) temperature and high (5.5 volts) VDD.

Power Consumption

The curves below display the worst-case simulated power consumption of the oscillator cells as a
function of frequency, for selected capacitor values at XLO and XHIl. Note that for each set of
capacitor values, there is an optimum frequency for power consumption. Above this frequency, pow-
er increases with capacitance and frequency, as is usual for CMOS. However, at lower frequencies,
power again increases, due to increasing attenuation in the feedback network. A smaller signal level
is available at the input of the CMOS inverter. This causes the P- and N-channel devices to remain
simultaneously on during more of the waveform cycle, consuming higher d.c. power. Often, the pow-
er at low frequencies can be reduced by increasing capacitors Ca and Cb. This increases the ampli-
tude of the waveform at the inverter input, and operates the stage in more of a switching mode,
reducing the power consumption.

WORST-CASE POWER vs FREQUENCY

100

90 |-oveveirens e A e e e,
: : Ca=120pF,Cb=40pF
L XT20MSD. 5. \....... e, DA

POWER
(mW)
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Crystal Oscillator XC10MS[D, 1D,2D]
1MHz-15MHz

FUNCTIONAL DESCRIPTION

The XC10MSD family of oscillators will provide stable rail-to-rail output waveforms suitable for clock-
ing on-chip digital circuitry. The allowable frequency range, with proper capacitor selection, is from
1MHz to 15MHz. XC10MSD requires off-chip capacitors connected from each pad (XLO and XHI)
to ground. XC10MS1D has on-chip 10pF capacitors connected from each pad to ground.
XC10MS2D has on-chip 20pF capacitors connected from each pad to ground.

A fundamental mode quartz crystal of the desired frequency must be connected between pads XLO
and XHI. The crystal is operated in parallel resonance.

XC10MS[D,1D,2D] may also be used as a non-inverting input buffer by applying an external CMOS-
level clock to XLO. XHI must remain unconnected.

The frequency of oscillation of this cell depends on the crystal used and the total capacitance appear-
ing at the crystal terminals. This capacitance includes wiring and package parasitics, as well as capaci-
tors Ca and Cb (whether external or internal).

The oscillator cell heights are compatible with digital D and P style buffers.

NETLIST ORDER

INPUTS: XLO;
OUTPUTS: XHI,OUT;

FUNCTIONAL DESCRIPTION OF INPUTS AND OUTPUTS
XLO: Oscillator input: connection of one crystal terminal and capacitor if used as an
oscillator; CMOS level input if used as an input buffer

XHI: Oscillator output: connection of one crystal terminal and capacitor if used as an
oscillator; remains open if used as an input buffer

OUT: Output to clock on-chip circuitry

CIRCUIT INFORMATION
PARAMETER XC10MS|[D,1D,2D]
FREQUENCY RANGE 1MHzt to 15MHztt
OSCILLATOR POWER SEE GENERAL INFORMATION, Page 9-12
DUTY CYCLE 40% to 60%
FREQ STABILITY vs VDD* 8ppm/V
DELAY (RISING)** 0.88ns + 0.14ns/pF
DELAY (FALLING)** 0.92ns + 0.15ns/pF
CELL SIZE 592.25u x 291.75u
ON-CHIP CAPACITANCE XC10MSD XC10MS1D XC10MS2D
NODE XLO 1.9pF 12.0pF 22.0pF
NODE XHI 1.8pF 11.8pF 21.9pF

1 Ca=Cb=50pF This minimum frequency assumes a maximum effective series crystal resistance
of 500Q. Crystal resistance rises rapidly at frequencies below 1MHz. Lower operating
frequencies may be possible with larger Ca and Cb, but crystal resistance must be considered at
frequencies below 1MHz. Also see the Negative Resistance graph for crystal resistances that
will guarantee sufficient loop gain to oscillate.

1t Ca=Cb=10pF
* Simulated with a typical 10MHz crystal having C1=0.02pF, C0=4pF, over a voltage range of

4.5 to 5.5 volts at 25°C, nominal process, and Ca=Cb=10pF. Actual stability depends on the
crystal and values of Ca and Cb.

** From XLO to OUT, when used as an input buffer, with VDD=5V, T=25°C, nominal process.
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Crystal Oscillator XC10MS[D,1D,2D]
1MHz-15MHz

Negative Resistance
The real part of oscillator input impedance (including crystal shunt capacitance CO0=7pF, oscillator
capacitors Ca and Cb, and stray capacitances) is displayed as a function of frequency.

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY

1 Ca=Cb=10pF
2 Ca=Cb=20pF
3 Ca:Cb:SOpF

Negative -2000

Resistance
Q) ]
-3000 -
-4000 -
-5000

Frequency (MHz)

Negative Resistance (Expanded )

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY

0

1 Ca=Cb=10pF
2 Ca=Cb=20pF
1 3 Ca=Cb=50pF
-100 -
Negative
Resistance -200 -
()
-300
-400
2 20
Frequency (MHz)
* Slow processing, VDD=4.5V, T=100°C
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Crystal Oscillator XC20MS[D,1D,2D]

5MHz-32MHz

FUNCTIONAL DESCRIPTION

The XC20MSD family of oscillators will provide stable rail-to-rail output waveforms suitable for clock-
ing on-chip digital circuitry. The allowable frequency range, with proper capacitor selection, is from
5MHz to 32MHz. XC20MSD requires off-chip capacitors connected from each pad (XLO and XHI)
to ground. XC20MS1D has on-chip 10pF capacitors connected from each pad to ground.
XC20MS2D has on-chip 20pF capacitors connected from each pad to ground.

A fundamental mode quartz crystal of the desired frequency must be connected between pads XLO
and XHI. The crystal is operated in parallel resonance.

XC20MS|D,1D,D2] may also be used as a non-inverting input buffer by applying an external CMOS-
level clock to XLO. XHI must remain unconnected.

The frequency of oscillation of this cell depends on the crystal used and the total capacitance appear-
ing at the crystal terminals. This capacitance includes wiring and package parasitics, as well as capaci-
tors Ca and Cb (whether external or intemnal).

The oscillator cell heights are compatible with digital D and P style buffers.

NETLIST ORDER

INPUTS: XLO;
OUTPUTS: XHI,OUT,;

FUNCTIONAL DESCRIPTION OF INPUTS AND OUTPUTS
XLO: Oscillator input: connection of one crystal terminal and capacitor if used as an
oscillator; CMOS level input if used as an input buffer

XHI: Oscillator output: connection of one crystal terminal and capacitor if used as an
oscillator; remains open if used as an input buffer

OUT: Output to clock on-chip circuitry

CIRCUIT INFORMATION
PARAMETER XC20MS|[D,1D,2D]
FREQUENCY RANGE 5MHzt to 32MHztt
OSCILLATOR POWER SEE GENERAL INFORMATION, Page 9-12
DUTY CYCLE 40% to 60%
FREQ STABILITY vs VDD* S5ppm/V
DELAY (RISING)** 0.66ns + 0.14ns/pF
DELAY (FALLING)** 0.72ns + 0.15ns/pF
CELL SIZE 592.25u x 291.75p
ON-CHIP CAPACITANCE XC20MSD XC20MS1D XC20MS2D
NODE XLO 2.0pF 12.1pF 22.1pF
NODE XHI 1.8pF 11.8pF 21.9pF

1 Ca=Cb=50pF (Lower operating frequencies can be obtained with larger Ca and Cb).
1t Ca=Cb=10pF
* Simulated with a typical 20MHz crystal having C1=0.02pF, CO0=4pF, over a voltage range of

4.5 to 5.5 volts at 25°C, nominal process, and Ca=Cb=10pF. Actual stability depends on the
crystal and values of Ca and Cb.

** From XLO to OUT, when used as an input buffer, with VDD=5V, T=25°C, nominal process.
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Crystal Oscillator

5MHz-32MHz
Negative Resistance

The real part of oscillator input impedance (including crystal shunt capacitance CO=7pF, oscillator

XC20MS[D, 1D,2D]

capacitors Ca and Cb, and stray capacitances) is displayed as a function of frequency.

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY
0 : SS— :
L 1 Ca=Cb=10pF
] 2 Ca=Cb=20pF
- 3 Ca=Cb=50pF
2200 - N
_1
400 o N A
Negative -
Resistance -
(Q) oo\
-goo: .............................................................
-1
1 2 5 10 20 30

Frequency (MHz)

Negative Resistance (Expanded)

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY
Y e 5 : >

1 Ca=Cb=10pF
2 Ca=Cb=20pF
3 Ca=Cb=50pF

Negative
Resistance
Q)

Frequency (MHz)

* Slow processing, VDD=4.5V, T=100°C

9-16 ATaTl Linear CMOS Cells

(i



Crystal Oscillator XT20MS[D,3D]

4MHz-32MHz

FUNCTIONAL DESCRIPTION

The XT20MSD family of oscillators will provide stable rail-to-rail output waveforms suitable for clock-
ing on-chip digital circuitry. The allowable frequency range, with proper capacitor selection, is from
4MHz to 32MHz. XT20MSD requires off-chip capacitors connected from each pad (XLO and XHI)
to ground. XT20MS3D has an on-chip 30pF capacitor connected from XLO to ground, and a 10pF
on-chip capacitor connected from XHI to ground.

A fundamental mode quartz crystal of the desired frequency must be connected between pads XLO
and XHI. The crystal is operated in parallel resonance.

XT20MS[D,3D] may also be used as a non-inverting input buffer by applying an external TTL-level
clock to XLO. XHI must remain unconnected.

The frequency of oscillation of this cell depends on the crystal used and the total capacitance appear-
ing at the crystal terminals. This capacitance includes wiring and package parasitics, as well as capaci-
tors Ca and Cb (whether external or intenal).

The oscillator cell heights are compatible with digital D and P style buffers.

NETLIST ORDER

INPUTS: XLO;
OUTPUTS: XHI,OUT;

FUNCTIONAL DESCRIPTION OF INPUTS AND OUTPUTS
XLO: Oscillator input: connection of one crystal terminal and capacitor if used as an
oscillator; TTL level input if used as an input buffer

XHI: Oscillator output: connection of one crystal terminal and external capacitor if used as an
oscillator; remains open if used as an input buffer

OUT: Output to clock on-chip circuitry

CIRCUIT INFORMATION
PARAMETER XT20MS[D,3D]
FREQUENCY RANGE 4MHzt to 32MHztt
OSCILLATOR POWER SEE GENERAL INFORMATION, Page 9-12
BUFFER DC POWER{ttt 97.5mW
DUTY CYCLE 40% to 60%
FREQ STABILITY vs VDD+ 8ppm/V
DELAY (RISING)** 0.55ns + 0.17ns/pF
DELAY (FALLING)** 0.84ns + 0.22ns/pF
CELL SIZE 668.75y x 291.75y
ON CHIP CAPACITANCE XT20MSD XT20MS3D
NODE XLO 2.4pF 32.4pF
NODE XHI 2.0pF 12.1pF

t Ca=120pF, Cb=40pF (Lower operating frequencies can be obtained with larger Ca and Cb).
1+t Ca=30pF, Cb=10pF
111 With XLO held at 2.0V, VDD=5.5V, T=0°C, fast process.

* Simulated with a typical 20MHz crystal having C1=0.02pF, C0=4pF, over a voltage range of
4.5 to 5.5 volts at 25°C, nominal process, and Ca=30pF, Cb=10pF. Actual stability depends
on the crystal and values of Ca and Cb.

** From XLO to OUT, when used as an input buffer, with VDD=5V, T=25°C, nominal process.
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Crystal Oscillator XT20MS[D,3D]
4MHz-32MHz

Negative Resistance
The real part of oscillator input impedance (including crystal shunt capacitance CO=7pF, oscillator
capacitors Ca and Cb, and stray capacitances) is displayed as a function of frequency.

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY
Y - e -

1 Ca=30pF,Cb=10pF
2 Ca=60pF,Cb=20pF
3 Ca=120pF,Cb=40pF

Negative
Resistance
(Q)  -600

B B A R LA
1 2 5 10 20 30

Frequency (MHz)

Negative Resistance (Expanded)

WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY

1 Ca=30pF,Cb=10pF
2 Ca=60pF,Cb=20pF
3 Ca=120pF,Cb=40pF

Negative -200
Resistance
(Q) -

I I T T T
5 10 20 0 40

Frequency (MHz)

* Slow processing, VDD=4.5V, T=100°C
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Capacitors CAP[3A,5A,10A,3P,5P,10P]

For Area and Performance-Optimized
Standard Cells

FUNCTIONAL DESCRIPTION

Unlike most Linear Standard Cells, these capacitors are meant to be used in standard cell rows rather
than in the I/O buffer region. The rows occupied by these cells must be separated by at least four
routing tracks (2 10um) from other rows, or any special cells.

The normal process-induced variation is £5%.

The capacitors are modeled in ADVICE as p-channel transistors with L=20um. The transistor width
selected is such that the gate area gives the desired value of capacitance. Process variation of the
capacitance is caused by gate oxide variation. The gate oxide, TOX, is defined in the process files,
thus using the worst-case fast and slow transistor files, aprohc.dat and aprolc.dat, will automatically
give the proper capacitance variation due to processing.

The bottom plate of the capacitor is tied to VSS. Thus physically, capacitors have only one terminal.
A second terminal has been appended, though, in order to make the capacitors more amenable to
digital CAD tools.

NETLIST ORDER
INPUTS: A;
OUTPUTS: Z;
CELL INFORMATION
CELL NAME CAP VALUE NUMBER OF GRIDS
AREA OPTIMIZED
CAP3A 3pF 20
CAP5A 5pF 28
CAP10A 10pF 48
PERFORMANCE OPTIMIZED
CAP3P 3pF 14
CAP5P 5pF 18
CAP10P 10pF 28
SCHEMA SYMBOL
A—@— 7
——— VSS
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RC Delay Lines RC[7-10][A,P]

For Area and Performance-Optimized
Standard Cells

FUNCTIONAL DESCRIPTION

The integrated RC Delay Lines have nominal time constants ranging from 1ns for RC[1A,1P] to 10ns
for RC[10A,10P]. The basic element in each cell is a 500 ohm N+ resistor and a 2pF gate oxide
capacitor. For these relatively small RC delay times, the integrated delay lines occupy less than half
the space that would be needed by separate resistor and capacitor cells in the Linear Library. The

rows occupied by these cells must be separated by at least four routing tracks (= 10um) from other
rows, or any special cells.

The actual delay through an RC line is not simply equal to the RC product. It is necessary to make an
ADVICE run, which must include all logic elements and stray capacitances connected to the RC line,
to find the actual delay.

Normal process-induced resistor variation is +20%. The best way to do worst-case fast and slow
ADVICE runs with resistors is to change the resistor model parameter SCAL. The resistor model,
NPLUS, is defined so that all resistors can be globally scaled with the single command:

.MODEL NPLUS SCAL=1.2 ("slow resistors")
or
.MODEL NPLUS SCAL=0.8 ("fast resistors")
Unfortunately, the process-induced resistor variation does not correlate with transistor speed. This
means that while using aprolc.dat and .MODEL NPLUS SCAL=1.2 will give maximum delay, and

aprohc.dat and .MODEL NPLUS SCAL=0.8 will give a minimum delay, the other two combinations

of process and resistor speeds may have to be investigated for paths where critical races are
possible.

CELL INFORMATION
CELL NAME NOMINAL NUMBER OF INPUT OUTPUTS
RC PRODUCT GRIDS

AREA OPTIMIZED
RC1A ins 21 A V4
RC2A 2ns 36 A Z1,22
RC3A 3ns 51 A 21,2223
RC4A 4ns 66 A 21,22,23,24
RC5A 5ns 81 A 21,22,23,24,25
RC6A 6ns 96 A 21,22,......... 26
RC7A 7ns 11 A 21,22,......... Z7
RC8A 8ns 126 A 21,22,.......... ,Z8
RC9A 9ns 141 A 21,22,......... ,Z9
RC10A 10ns 156 A 2122,......... ,Z10

PERFORMANCE OPTIMIZED
RC1P ins 21 A 4
RC2P 2ns 36 A Z1,Z22
RC3P 3ns 51 A 21,22,23
RC4P 4ns 66 A Z21,22,23,Z4
RC5P 5ns 81 A Z21,22,Z3,74,Z5
RC6P éns 96 A Z1,22,.......... ,Z6
RC7P ns 111 A 21,22,.......... Z7
RC8P 8ns 126 A 21,22,......... ,Z8
RCaP 9ns 141 A Z1,22,.......... ,Z9
RC10P 10ns 156 A 21.22,.......... ,Z10
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RC Delay Lines RC[71-10][A,P]

For Area and Performance-Optimized
Standard Cells

SCHEMA Symbols of RC[1-3][A,P]

A ‘*—/\/\7\& — 2
500 Cilj 2pF RC1[A,P]
VSS

z1
R1 R2
A 72
500 C‘I 2pF 500 C2 :[ 2pF  RC2[AP]
= vssS = VSS
z1 22
(o} o
R1 R2 R3

C1T~ 2pF C2 AT~ 2pF C3 1~ 2pF
500 500 500 -/_l: RCI[AP]

—==VSS —= VSS —=VSS

Although they are not pictured, similar symbols exist for RC[4-10][A,P].
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Resistors & RES[71A,2A,5A,10A,20A,

For Area and Performance-Optimized 1P,2P,5P, 10P,20P_|
Standard Cells

FUNCTIONAL DESCRIPTION

Unlike most Linear Standard Cells, these resistors are meant to be used in standard cell rows rather
than in the 1/O buffer region.

The normal process-induced variation is +30%. The best way to do worst-case fast and slow
ADVICE runs with resistors is to change the resistor model parameter SCAL. The resistor model,
PPLUS, is defined so that all resistors can be globally scaled with a single command:

.MODEL PPLUS SCAL=1.3 ("slow resistors")
or
.MODEL PPLUS SCAL=0.7 ("fast resistors")

The value of SCAL is initialized as 1.0 in the file advidev.dat. When changing the resistor scale be
sure that the temperature is first set to 25°C, then change the resistor scale to the desired value,
and then reset the temperature to its operating value. Failure to follow this sequence will result in
ADVICE doing strange things to the resistor values. Unfortunately, the process-induced resistor
variation does not correlate with the transistor speed. This means that while the use of aprolc.dat
and .MODEL PPLUS SCAL=1.3 will give the maximum delay, and aprohc.dat and .MODEL PPLUS
SCAL=0.7 will give the minimum delay, the other two combinations of transistor and resistor speeds
may have to be investigated for paths where critical races are possible. Temperature and voltage
variations are included in the PPLUS model.

NETLIST ORDER

INPUTS: A;

OUTPUTS: Z;

CELL INFORMATION

CELL NAME NOMINAL NUMBER OF
RES VALUE GRIDS
AREA OPTIMIZED
RES1A 1K 10
RES2A 2K 11
RES5A 5K 16
RES10A 10K 24
RES20A 20K 40
PERFORMANCE OPTIMIZED
RES1P 1K 8
RES2P 2K 9
RES5P 5K 12
RES10P 10K 18
RES20P 20K 30
SCHEMA SYMBOL
A y4
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Differential Line Receiver

With Fixed Input Threshold
FUNCTIONAL DESCRIPTION

This circuit meets the CCITT input specifications for ISDN T or S interfaces.

DRECV1A

It is designed to work

with a transformer whose turns ratio is between 1:1 and 1:5. The threshold of the circuit, Vtn, is
mask programmable, and should be directly proportional to this turns ratio. The default value of Vth

for a turns ratio of 1:2.5 and VDD=5V, is 0.155V.

The subcircuit CPO7 from the linear CMOS library must be used with DRECV1A in order to run

ADVICE.

NETLIST ORDER

INPUTS: PIN,NIN,VT;
OUTPUTS: POUT,NOUT;

CIRCUIT INFORMATION
PARAMETER DRECV1A
MAX POWER 2.4mW
MAX DELAY 0.20ps (with 1pF load)
MIN INPUT IMPEDANCE 100K
MAX INPUT CAPACITANCE 10pF
POWER SUPPLY 5V +5%
CELL SIZE 1600 x 300.25y
INPUT SIGNALS POUT NOUT
Vi <(PIN-NIN)<V, 0 0
(PIN-NIN)< -V 0 1
1 0

(PIN-NIN)>Vy,

CELL LAYOUT

vsS PIN NIN vT vDD
OFF CHIP ON CHIP 22D | |
VDD T 1
POUT NOUT
TRANSFORMER PAD ]
R 1:2.5
PIN |
ANALOG .
INPUTS PAD pouT
DRECV1A (DIGITAL
. NIN OUTPUTS)
nama o
AD NOUT
cT | vT ]
T '
— vss
PAD
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Transmitter

Tri-state, Voltage Limited Current Source
Transmitter for ISDN S or T Interfaces

FUNCTIONAL DESCRIPTION

DXMIT2C

This circuit meets CCITT output specifications for ISDN S or T interfaces. It must be used with a
transformer whose turns ratio is 2.5:1, and external resistors.
The subcircuits OPO3, SNR2, SINRB, and SXNOR from the linear CMOS library must be used with

DXMIT2C in order to run ADVICE.

NETLIST ORDER

INPUTS: PIN,NIN,VT;
OUTPUTS: POUT,NOUT;

CIRCUIT INFORMATION
| PABAMETER DRECV1A
MAX DELAY 150us (with 200pF load)
MAX OUTPUT CAPACITANCE 10pF
POWER SUPPLY 5V 5%
CELL SIZE 1350p x 553.251
INPUTS OUTPUT VOLTAGES OUTPUT
PIN NIN POUT NOUT LOGIC
0 0 VA z* 1
0 1 NOUT-1.875V** NOUT 0
1 0 NOUT+1.875V** NOUT 0
1 1 z* z* 1
* Z=TRI-STATE
** This reflects to 0.75V on the line side of the transformer.
WORST-CASE 1.875V OUTPUT=Z
POWER 1t OUTPUT | LP=HIGH LP=LOW
ELECTRICAL 39mw 3.4mW 1.3mW
THERMAL 25mw 3.4mW 1.3mW

1 The difference between electrical and thermal power on the chip is due
to the power consumed in the external components.

APPLICATION NOTES (Refer to the figure on the following page)

LP is a low power option. It must be held high during logic "0". During logic "1" it can remain high,
If it is set low in this state, it must be set high at least 500ns

before logic "0" can be sent, and must remain high for at least 100ns after logic "0" is removed.
Rp and R¢ are 5% external resistors whose value depends on the maximum specified temperature.

or be set low to conserve power.

For circuits with a junction temperature not exceeding 80°C, Rg=R¢ < 30 Q.

For circuits with a junction temperature not exceeding 100°C, Rg=Rc < 25 Q.

9-24
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Transmitter DXMIT2C

Tri-state, Voltage Limited Current Source
Transmitter for ISDN S or T Interface

CELL LAYOUT

POUT| [SENS| NOUT| |VDDN| |VSSN

LP NIN PIN

CIRCUIT DIAGRAM

PAD  ON CHIP OFF CHIP
VDDN
[ PAD
[ |SENS
PIN — Rg 2KQ £1%
PAD
__lPOUT
NIN —>| DXMIT2C ou VWV 1
R
B 0.75V 500
+10%
PAD
LP —] l
- NOUTH——AAAN,
R 2.5:1
l C TRANSFORMER
VSSN
PAD
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General Information Information on the BICMOS Library
BiCMOS input buffers

BIEBFO9T Balanced, 5 volt
BIEBTO7T Balanced, 10 volt
BIEF[09T,14T,16T] Non-inverting, 5 volt
BIETO7T ) Non-inverting, 10 volt
BiCMOS output buffers

BOEBFO05T Balanced, 5 volt
BOEBTO5T Balanced, 10 volt
BOEF05T Non-inverting, 5 volt
BOETO5T Non-inverting, 10 volt

BiCMOS bidirectional buffer

BE16F05V Non-inverting input stage, non-inverting output stage, 5 volt -
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BiCMOS General Information

l. Introduction

AT&T now offers a BICMOS technology option. The BiCMOS cells currently available are a series of
ECL buffers. ECL (Emitter Coupled Logic) is a well known bipolar circuit technique which is
extensively used in high speed systems. Its main attractions are low noise, good capacitive drive
capability, and very high speed. ECL is also capable of driving low impedance lines with either single-
ended or balanced (differential) signals. Its main drawback is its very high power consumption. Some
systems, which do not need the high speed performance available with ECL, would like to move
away from the high power, relatively low density ECL standard cells to low power, high density
CMOS. The problem with this retrofit, which has been extensively done with TTL level chips, is the
difficulty that CMOS circuits have in driving ECL levels, and thus in allowing direct interface with
existing ECL systems.

The main problem interfacing TTL and ECL levels is that TTL levels are positive and ECL levels are
negative, as illustrated in figure 1. Thus CMOS chips need a translator chip to communicate with ECL
systems, as shown in figure 2. Our "10 volt” TTL compatible BICMOS ECL buffers enable a chip to
communicate with both TTL and ECL levels at the same time. They are called 10 volt buffers because
they require the use of two power supplies: +5 volts and -5 volts.

TTL Levels ECL levels
—_— Min VOH = 2.4
—_— Min VIH = 2.0
— Max VIL = 0.8
—_— Max VOL = 0.4
Ground
Min VOH = -0.960 —_—
Min VIH = -1.1056 —
Max VIL = -1.475 —
Max VOL = -1.650 —
Figure 1. Comparison of ECL and TTL levels.
—] e
ECL Translator Chip TTL/CMOS CMOS Chip TTL/CMOS
i S ——
— | —
ECL BiCMOS Chip TTL/CMOS
] |——
Figure 2. ECL level signals to CMOS and BiCMOS chips.
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BiCMOS General Information

If it is not necessary to communicate with both real TTL and ECL levels, another option is the "¢
volt” ECL buffers. These operate off a single power supply, either +5 volts or -5 volts, depending or
the system. In the former case the chip can communicate with true TTL levels and with "pseudo” ECL
levels. When a -5 volt supply is used, the chip can communicate with real ECL levels and witt
"pseudo” TTL levels, as shown in figure 3.

5 VOLT ECL BUFFERS 10 VOLT ECL BUFFERS
VDD = 5V VDD = 0V VDD = 5V
I 1 |
VSS =0
[ I |
VSS = 0V VSS = -5V VEE = -5V
TrueTTL PseudoTTL TrueTTL
Psuedo ECL True ECL True ECL

Figure 3. Possible BiCMOS ECL chip configurations.

All ECL Buffers are compatible with the 10K and 10KH level specifications. All of the ECL buffers
except the BIETO7T, are also compatible with 100K level specifications. This buffer, however, can be
modified to meet the 100K specifications.

Il. BICMOS Process and Transistor Structure

The 1.25u BiCMOS process used in these circuits adds only a single mask step (base implant) to the
standard CMOS process. The npn transistor has a measured ft of 3.8GHz and a typical current gair
of 100.

P-BASE

N-TUB

P-EPI

Pttt sus

Figure 4. Simplified npn cross-section.
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BiCMOS General Information

A cross section of the npn transistor is shown in figure 4. The collector of the npn is formed by the
N-tub of the CMOS P-channel. This collector has a nominal sheet resistance of 625 ohms/sq, which
results in relatively high collector resistance. The base is made using a special implant that is not used
anywhere else in the CMOS process. This allows the base implant to be optimized for the bipolar
transistor without any adverse effect on the MOS transistor properties. The base contact is the P+

Source/Drain implant, and the emitter is the N+ Source/Drain implant.

lll. Physical Size and Placement of ECL Buffers.

A listing of the ECL buffers that are available is shown in Tables | through IV. Note that these
buffers are made in a tall configuration. This is necessary because of the large number of busses that
are needed. It should also be noted that input and output buffers are of different height. This serves
as a forceful reminder that output and input buffers must be placed in separate physical locations
from each other and from any TTL buffers, since the bus structures are mutually incompatible. This
results in a certain loss of flexibility compared to TTL buffers, in which input and outputs can be
placed on a "mix-and-match” basis (subject to noise considerations!).

Name Type Prop Delay * DC Power
WC Slow™ | Nom. | WC Fast*™** | WC Fast*™** Nom.

BIEFOST Input 7.5 ns 5.0ns 3.2ns 24 mwW 14 mW |

BIEF14T Input 12.0 ns 7.5ns 4.7ns 12 mwW 7 mW

BIEF16T Input 13.0 ns 8.0 ns 5.3ns 8 mW 4 mW
BIEBFOIT Balanced Input 7.4 ns 5.0 ns 3.1ns 24 mwW 14 mW
BOEFQ5T Output 3.5 ns 2.0 ns 1.6ns 22 mW 13 mwW
BOEBFO05T | Balanced Output 3.9 ns 2.0 ns 1.8ns 44 mW 26 mW
BE16F0O5V Bidirectional + + + + +

Table 1. 5 Volt ECL Buffers; prop delay and power, at 50% duty cycle.
* Prop Delay with CL=5pF for Input Buffers, 50pF for Output Buffers »
** WC Slow: Slow process, VDD=4.5 volts, T=100°C.
*** WC Fast: Fast process, VDD=5.5 volts, T=0°C.
+ Use BIEF16T and BOEFO5T specs

Name Type Size () Pad Cap.
BIEFO9T Input 175 x 527.25 4 pF
BIEF14T Input 175 x 527.25 4 pF
BIEF16T Input 175 x 527.25 4 pF

BIEBFO9T Balanced Input 350 x 527.25 4.4 pF
BOEFQ5T Output 200 x 571.875 6.8 pF
BOEBFO5T | Balanced Output | 400 x 571.875 6.8 pF
BE16F05V Bidirectional 202 x 885 7 pF

Table Il. 5 Volt ECL Buffers; size and pad capacitance.
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BiCMOS General Information

Name Type Prop. Delay* DC Power
WC Slow™ | Nom. | WC Fast*™** | WC Fast™ | Nom.
BIETO7T Input 7.6 ns 4.8 ns 32ns 23 mW 12 mW
BIEBTO7T Balanced Input 7.4 ns 4.8 ns 3.2ns 23 mW 12 mW
BOETO5T Output 5.5 ns 3.9ns 2.4ns 35 mW 24 mwW
BOEBTO5T | Balanced Output 6.2 ns 4.0 ns 2.7 ns 70 mW 48 mW

Table lil. 10 Volt ECL Buffers; prop. delay and power, at 50% duty cycle.
* Prop. Delay with CL=5 pF for Input Buffers, 50 pF for Output Buffers
** WC Slow: Slow process, VDD=4.5 volts, VEE=-4.5 volts, T=100 ° C.
***WC Fast: Fast process, VDD=5.5 volts, VEE=-5.5 volts, T=0 ° C.

Name Type Size (1) Pad Cap.
BIETO7T Input 175 x 527 4.2 pF
BIEBTO7T Balanced Input 350 x 527 4.2 pF
BOETOST Output 253.75 x 591 6.8 pF
BOEBTOS5T | Balanced Output | 483.5 x 591 6.8 pF

Table IV. 10 Voit ECL Buffers; size and pad capacitance.

The most widespread use of ECL buffers is in I/O intensive chips. The large number of busses needed
for ECL, combined with the large currents that the circuits must handle, make it necessary to use
two-level metal in laying out these buffers.

As an aid in connecting the many different power/ground busses, a number of ancillary "Pad Cells"
have been built. These are listed in Tables V and VI, along with the requirements on the maximum
number of buffers that these pads can support. These limits are due to either the maximum DC
voltage drops allowable or the maximum current density allowed to ensure good reliability.

10-4 ATsT BiCMOS Cells

[



BiCMOS General Information
Buffer type | Bus name Cell name Max. # buffers/Pad Cell
Input VSQIF VSQIFPAD 12 ¢
Input VDQIF VDQIFPAD 12 *
Input VSS VSSIFPAD + 20 *
Input VDD VDDIFPAD++ no limits
Input - CORIF corner bus routing
Output VDQOF VDQOFPAD 12
Output VDNOF VDNOFPAD 8 *
Output VSS VSSOFPAD + 12
Output vDD VDDOFPAD ++ no limits
Output - COROF corner bus routing
Bidirectional VSQBF VSQBFPAD 18
Bidirectional VDQBF VDQBFPAD 18
Bidirectional VDNBF VDNBFPAD 8
Bidirectional VSS VSSBFPAD + 12
Bidirectional VDD VDDBFPAD ++ no limits
Bidirectional - CORBF corner bus routing

Table V. 5 volt ECL Ancillary Cells for Power/Ground Pads and Chip Corner Routing.
* These numbers are for BIEFO9T. For each BIEFO9T one can substitute 2 BIEF14T or 3 BIEF16T
buffers.
** This depends on package resistance. These numbers assume a dedicated ground plane in the

package and/or a total lead resistance less than 0.15 ohm.
+ This pad may also be used to route VSS to the standard cell area.
++ This pad may also be used to route VDD to the standard cell area.

Buffer type | Bus name Cell name Max. # buffers/Pad Cell
Input VSsQlIT VSQITPAD 20
Input VEEI VEEIPAD 20
Input VSS VSSITPAD* 20
Input vDD VDDITPAD** 20
Input - CORIT corner bus routing
Output VvSQOT VSQOTPAD 20
Output VSNOT VSNOTPAD 8
Output VEEO VEEOPAD 20
Output VDD VDDOTPAD** 20
Output - COROT corner bus routing

Table VI. 10 volt ECL Ancillary Cells for Power/Ground Pads and Chip Corner Routing.

* This pad may also be used to route VSS to the standard cell area.
** This pad may also be used to route VDD to the standard cell area.

*** This depends on package resistance. These numbers assume a dedicated ground plane in the
package and/or a total lead resistance less than 0.15 ohm.
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BiCMOS General Information

The "5 volt" ECL circuits require the use of the Reference Voltage Generator CS4T. This cell fits
physically into the ECL Input buffer row, and provides all of the necessary reference voltage levels
to run the 5 volt input, output, and bidirectional buffers. The "10 volt" ECL buffers do not need this
circuit, as all reference voltages are provided by resistor dividers built into each buffer.

IV. CAD tools available for ECL Buffers.

These ECL Buffers are compatible with all of the standard CAD tools; ADVICE, LARC, SCHEMA,
MOTIS3, LTX2, and testing on the Takeda with TPG2. All ADVICE simulations were done using
HCAP generated files.

Anyone wishing to run ADVICE simulations on 5 volt ECL buffers MUST use the support files
BEF.LO (for WC slow conditions) or BEF.HI (for BC fast conditions). For the 10 voit ECL buffers
the corresponding files BET.LO or BET.HI must be used. In addition, the bipolar transistor process
files BIMOD.LO (slow) or BIMOD.HI (fast) must be used with all ECL circuits.
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BiCMOS Input Buffer BIEBFO9T

Balanced, 5 volt

CELL SIZE: X =350 1
Y =527.25p

NETLIST ORDER

INPUTS: N,P;
OUTPUTS: Z, SCHEMA SYMBOL
N
TRUTH TABLE Z
P N p4
o | 1 0 P
1 0 1
CAPACITANCES CIRCUIT INFORMATION
NODE | CAPACITANCE PARAMETER _ VALUE
N,P 4.4 pF WC DC Power* 24 mW
WC Slow Intrinsic Delay** 5.0ns
WC Fast Intrinsic Delay* 2.16 ns
WC Slow Extrinsic Delay**| 0.46 ns/pF
WC Fast Extrinsic Delay* 0.18 ns/pF

*VDD= 5.5V, T= 0°C,Fast Process
**VDD= 4.5V, T= 100°C, Slow Process

POWER SUPPLY INFORMATION

VDD = 5 volts £ 10%
VSS = 0 volts

This allows the chip to communicate with true TTL/CMOS levels, but only with
"pseudo” ECL levels. See Introduction for more details.

OR

VDD = 0
VSS = -5 volts £ 10%

This allows the chip to communicate with true ECL levels but only with "pseudo”
TTL or CMOS levels. See Introduction for more details.

Note: The Reference Voltage Generator CS4T must be used with this cell.
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BiCMOS Input Buffer

Balanced, 10 volt

CELLSIZE: X =350 pn

Y=527p

NETLIST ORDER
INPUTS: N,P;
OUTPUTS: Z;

TRUTH TABLE

P

N

0
1

1
0

CAPACITANCES

NODE

CAPACITANCE

N,P

4.2 pF

POWER SUPPLY INFORMATION

10-8

VDD = 5 volts + 10%
VSS = 0 volts
VEE = -5 volts £ 10%

BIEBTO7T

SCHEMA SYMBOL

N
z
—P

CIRCUIT INFORMATION

PARAMETER VALUE
WC DC Power* 283mwW
WC Slow Intrinsic Delay** 5.8ns
WC Fast Intrinsic Delay* 2.5ns
WC Slow Extrinsic Delay**| 0.32 ns/pF
WC Fast Extrinsic Delay* 0.13 ns/pF

*VDD= 5.5V, VEE= -5.5V, T= 0°C,Fast Process
**VDD= 4.5V, VEE= -4.5V, T= 100°C, Slow Process
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BiCMOS Input Buffer BIEF[09T, 14T, 16T]

Non-inverting, 5 volt

CELL SIZE: X=175p

Y = 527.25 SCHEMA SYMBOL

NETLIST ORDER 1 A

INPUTS: A;

QUTPUTS: Z;

TRUTH TABLE CAPACITANCES
A Zz NODE | CAPACITANCE
0 0 A 4 pF
1 1

CIRCUIT INFORMATION

PARAMETER BIEFO9T BIEF14T BIEF16T
WC DC Power* 24 mW 12mw 8 mwW

WC Slow Intrinsic Delay** 5.20 ns 7.75ns 8.75ns
WC Fast Intrinsic Delay* 224 ns 2.98 ns 3.56 ns

WC Slow Extrinsic Delay**| 0.46 ns/pF 0.85 ns/pF 0.85 ns/pF
WC Fast Extrinsic Delay* 0.18 ns/pF 0.33 ns/pF 0.33 ns/pF

*VDD= 5.5V, T= 0°C,Fast Process
**VDD= 4.5V, T= 100°C, Slow Process

POWER SUPPLY INFORMATION

VDD = 5 volts £ 10%
VSS = 0 volts

This allows the chip to communicate with true TTL/CMOS levels, but only with
"pseudo” ECL levels. See Introduction for more details.

OR

VDD = 0
VSS = -5 volts + 10%

This allows the chip to communicate with true ECL levels but only with "pseudo”
TTL or CMOS levels. See Introduction for more details.

Note: The Reference Voltage Generator CS4T must be used with this cell.
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BiCMOS Input Buffer BIETO7T

Non-inverting, 10 volt

CELLSIZE: X=175p
Y=527p

NETLIST ORDER

INPUTS: A;
OUTPUTS: Z: SCHEMA SYMBOL
TRUTH TABLE
A z
A y4
0 0
1 1
CAPACITANCES CIRCUIT INFORMATION
NODE | CAPACITANCE PARAMETER VALUE
A 4.2 pF WC DC Power* 23mw
WC Slow Intrinsic Delay** 6.0 ns
WC Fast Intrinsic Delay* 2.6ns
WC Slow Extrinsic Delay**| 0.33 ns/pF
WC Fast Extrinsic Delay* 0.13 ns/pF

*VDD='5.5V, VEE= -5.5V, T= 0°C,Fast Process
**VDD= 4.5V, VEE= -4.5V, T= 100°C, Slow Process

POWER SUPPLY INFORMATION

VDD = 5 volts £ 10%
VSS = 0 volts
VEE = -5 volts + 10%
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BiCMOS Output Buffer BOEBFO0O5T

Balanced, 5 volt

CELL SIZE: X =400 p
Y = 571.875

NETLIST ORDER

INPUTS: A;
OUTPUTS: Z,ZN: SCHEMA SYMBOL

TRUTH TABLE A 7
A y4 ZN
0 0 1
1 1 0 ZN
CAPACITANCES CIRCUIT INFORMATION
NODE | CAPACITANCE PARAMETER - VALUE
A 0.22 pF WC DC Power* 44 mW
Z,ZN 6.8 pF WC Slow Intrinsic Delay** 291 ns
WC Fast Intrinsic Delay* 1.05 ns
WC Slow Extrinsic Delay**| 0.019 ns/pF
WC Fast Extrinsic Delay* | 0.014 ns/pF

*VDD= 5.5V, T= 0°C,Fast Process
**VDD= 4.5V, T= 100°C, Slow Process

POWER SUPPLY AND EXTERNAL COMPONENT INFORMATION

VDD = 5 volts + 10%
VSS = 0 volts

The output pads are connected to 3 volts through external 50 ohm resistors.
This allows the chip to communicate with true TTL/CMOS levels, but only with
"pseudo” ECL levels. See Introduction for more details.
OR
VDD = 0
VSS = -5 volts + 10%

The output pads are connected to -2 volts through external 50 ohm resistors.
This allows the chip to communicate with true ECL levels but only with "pseudo”
TTL or CMOS levels. See Introduction for more details.

Note: The Reference Voltage Generator CS4T must be used with this cell.
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BiCMOS Output Buffer BOEBTO5T

Balanced, 10 volt

CELLSIZE: X =4835p
Y=591p

NETLIST ORDER
INPUTS: A;

OUTPUTS: ZZN: SCHEMA SYMBOL

TRUTH TABLE A 7
A z ZN
0 0 1
1 1 0 ZN
CAPACITANCES CIRCUIT INFORMATION
NODE | CAPACITANCE PARAMETER VALUE
A 0.588 pF WC DC Power* 70mwW
Z,ZN 6.8 pF WC Slow Intrinsic Delay** 5.36 ns
WC Fast Intrinsic Delay* 22ns
WC Slow Extrinsic Delay**| 0.02 ns/pF
WC Fast Extrinsic Delay* 0.012 ns/pF

*VDD= 5.5V, VEE= -5.5V, T= 0°C,Fast Process
**VDD= 4.5V, VEE= -4.5V, T= 100°C, Slow Process

POWER SUPPLY AND EXTERNAL COMPONENT INFORMATION

VDD = 5 volts £ 10%
VSS = 0 volts
VEE = -5 volts £ 10%

The output pads are connected to -2 volts through external 50 ohm resistors.
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BiCMOS Output Buffer BOEFO5T

Non-inverting, 5 volt

CELL SIZE: X =200 1
Y =571.875

NETLIST ORDER

INPUTS: A;
OUTPUTS: Z: SCHEMA SYMBOL
TRUTH TABLE
z
A p4
0
1 1
CAPACITANCES CIRCUIT INFORMATION
NODE CAPACITANCE PARAMETER VALUE
A 0.34 pF WC DC Power* 22mw
Z 6.8 pF WC Slow Intrinsic Delay** 255 ns
WC Fast Intrinsic Delay” 0.87 ns
WC Slow Extrinsic Delay**| 0.019 ns/pF
WC Fast Extrinsic Delay* | 0.014 ns/pF

*VDD= 5.5V, T= 0°C,Fast Process
**VDD= 4.5V, T= 100°C, Slow Process

POWER SUPPLY AND EXTERNAL COMPONENT INFORMATION

VDD = 5 volts + 10%
VSS = 0 volts

The output pad is connected to 3 volts through an external 50 ohm resistor.
This allows the chip to communicate with true TTL/CMOS levels, but only with
"pseudo” ECL levels. See Introduction for more details.

OR

VDD = 0
VSS = -5 volts + 10%

The output pad is connected to -2 volts through an external 50 ohm resistor.
This allows the chip to communicate with true ECL levels but only with "pseudo”
TTL or CMOS levels. See Introduction for more details.

Note: The Reference Voltage Generator CS4T must be used with this cell.
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BiCMOS Output Buffer BOETO5T

Non-inverting, 10 volt

CELL SIZE: X =253.75p
Y=591p

NETLIST ORDER

INPUTS: A;
OUTPUTS: Z: SCHEMA SYMBOL
TRUTH TABLE
zZ
A y4
0 0
1 1
CAPACITANCES CIRCUIT INFORMATION
NODE CAPACITANCE PARAMETER VALUE
A 0.12 pF WC DC Power* 35mW
4 6.8 pF WC Slow Intrinsic Delay** 4.63 ns
WC Fast Intrinsic Delay* 1.84 ns
WC Slow Extrinsic Delay**| 0.02 ns/pF
WC Fast Extrinsic Delay* | 0.012 ns/pF

*VDD= 5.5V, VEE= -5.5V, T= 0°C,Fast Process
**VDD= 4.5V, VEE= -4.5V, T= 100°C, Slow Process

POWER SUPPLY AND EXTERNAL COMPONENT INFORMATION

VDD = 5 volts + 10%
VSS = 0 volts
VEE = -5 volts + 10%

The output pad is connected to -2 volts through an external 50 ohm resistor.
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BiCMOS Bidirectional Buffer BE16FO05V

Non-inverting input stage,
Non-inverting output stage, 5 voit

HEMA SYMBOL
CELL SIZE: X =202 p S¢ S

NETLIST ORDER PADO
INPUTS: A, PADI; PADI
OUTPUTS: Z, PADO; Z i |
TRUTH TABLE CIRCUIT INFORMATION
A PADO PADI VA INPUT STAGE VALUE
0 0 0 0 WC DC Power* 8mw
0 1 1 1 WC Slow Intrinsic Delay** 8.75ns
1 1 X 1 WC Fast Intrinsic Delay* 3.56 ns
WC Slow Extrinsic Delay*| 0.85 ns/pF
CAPACITANCES WC Fast Extrinsic Delay 0.33 ns/pF
OUTPUT STAGE VALUE
NODE CAPACITANCE WC DC Power* 22 mW
PAD 7.0 pF WC Slow Intrinsic Delay** 2.55ns
A 0.60 pF WC Fast Intrinsic Delay* 0.87 ns
WC Slow Extrinsic Delay**| 0.019 ns/pF
WC Fast Extrinsic Delay* | 0.014 ns/pF

*VDD= 5.5V, T= 0°C,Fast Process
**VDD= 4.5V, T= 100°C, Slow Process

POWER SUPPLY AND EXTERNAL COMPONENT INFORMATION

VDD = 5 volts £ 10%
VSS =0 volts

The output pad is connected to 3 volts through an extemal 50 ohm resistor.
This allows the chip to communicate with true TTL/CMOS levels, but only with
"pseudo” ECL levels. See Introduction for more details.

OR

VDD = 0
VSS = -5 volts + 10%

The output pad is connected to -2 volts through an external 50 ohm resistor.
This allows the chip to communicate with true ECL levels but only with "pseudo”
TTL or CMOS levels. See Introduction for more details.

Note: The Reference Voltage Generator CS4T must be used with this cell.
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Functional Design System Introduction

FDS is a logic synthesis system that automatically generates the netlist implementation in standard
cells of several parameterizable functional primitives. For each primitive, a wide range of user
definable features are available.
The following primitives are supported in FDS:

« adders

« combinational blocks

* comparators

« counters

* decoders

« finite state machines

» multiplexers

« parity generators

« registers

FDS also features a friendly interface for capturing the design parameters and the external view of
desired primitives. In addition, schematics corresponding to the netlist of the primitive may be gener-
ated. It consists of standard cells from either the performance or area optimized library. All of the
FDS functional primitives’ features are user selectable, creating a large variety of possible configura-
tions. For more information on how to generate these cells, consult the FDS manual.

Specifically, the following functions are available:

Capture Symbol Prompts the user to define the external view and specify applicable
options of a functional primitive and creates it

Simulation Model Produces a simulation model for MOTIS3

Synthesize Implements the captured functional primitive

Draw Schematic Displays the internal schematic of the synthesized standard cell

functional primitive

A functional primitive in FDS may be added to a schematic diagram in SCHEMA, which may then be
used to generate a connectivity list incorporating the primitive as part of an integrated circuit
design. The connectivity list is available in two formats: the LSL format, which may be used for simu-
lation in MOTIS3, and the ADVICE format, used as input to ADVICE program. Hard copies of the
final schematics can be produced on an off-line plotter.
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FDS Adder ADDER

FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS adder is a netlist that can be parameterized with many options.

The ADDER has the following features:

Bus or Non Bus pin notation

Optional Carry-Input

Optional Carry-Output

Inverted/noninverted inputs and outputs

Optional Ripple carry

Optional Carry-look-ahead

Optional Mixture of Ripple-Carry and Carry-Look-Ahead
Fully combinatorial

e o o ¢ o o o o

ADDER can be customized with the parameter N as shown in the following table:

Limit
Parameter | Description

Increment| Min | Max

N Bits 1 2 128

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:
A[N-1:0] First Input to add
B[N-1:0] Second Input to add
Ci Optional Carry-In
OUTPUTS:
S[N-1:0] Sum of A[N-1:0] and B[N-1:0]
Cco Optional Carry-Out
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the
ADDER cell. It is advisable to run CRITIC after generating any FDS block to verify that the
performance matches your requirements.
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FDS Combinational Block CMB
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS combinational block allows the user to specify multiple output combinational circuits. The
output functions are defined with either truth table or boolean equation format.

The CMB has the following features:
« Various logic minimization techniques
* Use of complements as candidates for synthesis
« Optional user-specified input and output names
» Optional user-specified maximum fan-in for gates (a value less than 9 fan-ins, the
default)

CMB can be customized with the parameters M, N as shown in the following table:

Limit
Parameter | Description

Increment | Min Max

M Input Pins 1 1 128-N

N Output Pins 1 1 128-M

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions
INPUTS:

IN_NAME_1, IN_NAME_2,......... IN_NAME_M
User defined, no default name

OUTPUTS:
OUT_NAME_1, OUT_NAME_2......... OUT_NAME_N

User defined, no default name

CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the CMB
cell. 1t is advisable to run CRITIC after generating any FDS block to verify that the performance
matches your requirements.

FDS Synthesized Macrocells ATsT 11-3

iy



FDS Comparator COMP
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS comparator compares two binary or decimal numbers for logical conditions selected by the
user. Logical conditions include magnitude (greater-than, less-than), equality (inequality), and
combinations of magnitude and equality.
The COMP has the following features:

« Optional decimal or binary comparator structure

* BCD, EXCESS-3, or EXCESS-3-GRAY codes are available for the decimal decoder

« Bus or Non Bus pin notation

» One or more comparison criteria can be chosen

» Optional low-active or high-active output signals

+ Optional invertéd inputs

COMP can be customized with the parameter N as shown in the following table:
Limit

Parameter | Description
Increment | Min | Max

N Binary Bits 1 2 256

N Decimal Bits 4 4 256

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:

A[N-1:0] Operand A

B[N-1:0] Operand B
OUTPUTS:

LT A<B

EQ A=B

GT A>B

LE A<=B

GE A>=B

NE Al=B

CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the COMP
cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance
matches your requirements.
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FDS Counter COUNTER

FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS counter is a binary up or down counter. The size of counter may vary from 2 to 128 bits.
Counters with more than 16 bits use ripple carry.
The COUNTER has the following features:
« Optional parallel load
Bus or Non Bus pin notation
Optional bits tapped as Q (QN) outputs
Optional up, down, or updown counting scheme
Optional decode binary counter
Optional fast or ripple carry scheme
Optional PRESET, PRECLEAR, or INITIALIZATION control signal
Optional asynchronous or synchronous control timing
Optional inhibit signal
Optional dynamic or static clocking scheme
Optional rising or falling edge triggered static clock

e o o o o o o o o o

COUNTER can be customized with the parameter N as shown in the following table:

) N Limit
Optional Condition| parameter | Description
Increment | Min | Max
Ripple Carry N Bits 1 2 | 128
Fast Carry N Bits 1 - 2 16
Initial Signal N Bits 1 2 30
Decade Counter N Bits _ 4 4
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FDS Counter COUNTER

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:
PI[N-1:0] Parallel loaded input signals
CTLD Count/Load control
cucD Counter up/down control
Cl Carry-In
INH Control input clock inhibit signal
PS Preset assigns each bit in the counter to 1
PC Preclear assigns each bit in the counter to 0
INIT Initialization sets the counter to a bit pattern specified by the user
CK Static clocking is triggered by the rising-edge or the falling edge of
the clock
MCK,SCK,MCKN,SCKN
Four clocks for dynamic clocking
OUTPUTS:
Q[N-1:0] Output signals of the counter
QNI[N-1:0] Complementary output signals of the counter
co Carry-Out
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the
COUNTER cell. It is advisable to run CRITIC after generating any FDS block to verify that the
performance matches your requirements.
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FDS Decoder DECODER
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS decoder is a select-line to output-line decoder. Select lines (inputs) jointly represent a
binary or decimal encoded number.
The DECODER has the following features:
« Optional decimal and binary decoder structure
» BCD, EXCESS-3 or EXCESS-3-GRAY codes are available for decimal decoders
Bus or Non Bus pin notation
User-specified number of select and output lines, using guidelines given below
Optional inverted select lines
Optional low-active or high-active output signal
Optional enable signal

DECODER can be customized with the parameters M, N as shown in the following table:

Limit
Decoder |  parameter | Description
Increment| Min Max
M Select Lines 1 1 10
Binary
N Output Lines 1 M1 M
Limit

Decoder | Output Lines | Select Lines

Increment| Min | Max

N M=4 1 2 | 10

Decimal*
N M=8 1 11 | 100

*For decimal decoder, the select lines must equal 4 or 8; the number of output lines for
each configuration is specified above.

FDS Synthesized Macrocells
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FDS Decoder DECODER

TERMINAL DESCRIPTIONS:

Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:
S[M-1:0] Select lines
EN Enable signal
OUTPUTS: .
Y[N-1:0] It sets the output line that has the same numeric value as the
encoded number to its active voltage level
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the
DECODER cell. It is advisable to run CRITIC after generating any FDS block to verify that the

performance matches your requirements.
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FDS Finite State Machine FSM
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS finite state machine synthesizer models circuit behavior in terms of a number of states,
state transitions, and output functions. The FSM Synthesizer produces implementation in polycells,
and input files for MOTIS3 functional simulation.

The FSM has the following features:
« Support vector format for inputs and outputs
User-specified inputs and outputs
Specification of state transitions and output functions via state transition diagram
User-specified INITIALIZATION signal
Optional asynchronous or synchronous control scheme
Optional dynamic or static clocking scheme
Optional rising-edge or falling-edge of static clock
Create a simulation model for input to MOTIS3
State based simulation

e o o o o o ¢ o

FSM has the following constrain:
Inputs + Outputs + Present State Signals + Next State Signals < 128

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:
User-defined
CK Static clocking is triggered by the rising-edge or the falling edge of
the clock
MCK,SCK,MCKN,SCKN
Four clocks for dynamic clocking
INIT Initial signal
OUTPUTS:
User-defined
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the FSM. It
is advisable to run CRITIC after generating any FDS block to verify that the performance matches
your requirements.
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FDS Multiplexer MUX
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS multiplexer is a multi-word-to-one-word or multi-line-to-one-line multiplexer.

The MUX has the following features:

Bus or Non Bus pin notation

Optional encoded select lines

User-specified number of words and number of bits per word

Optional inverted select lines

Optional enable signal

Optional forced outputs to high, low or tri-state, when enable signal is inactive
Optional complementary outputs

Optional use of large cells (e.g. AOI3333)

MUX(N,M) can be customized with the parameters K, M, N as shown in the following table:

Limit
Parameter | Description
Increment | Min Max

N Words 1 2 M*N < 512

M Bits/word 1 2 16
Parameter Description Value

K Select lines (nonencoded) N

K Select lines (encoded) log,N
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FDS Multiplexer MUX
TERMINAL DESCRIPTIONS:

Netlist Order :
option dependent, consult the FDS manual

Functional Descriptions

INPUTS:
D[N-1:0, M-1:0] The root name for the input signals
S[K-1:0] Select lines
EN Optional enable line
OUTPUTS:
Y[N-1:0] Normal output
YN[N-1:0] Complementary output
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the MUX
cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance

matches your requirements.
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FDS Parity Generator

FUNCTIONAL DESCRIPTION AND FEATURES:

PAR

The FDS parity generator can generate odd, even, or odd and even parity via the implementation of

atree of XOR cells.

PAR has the following features:

+ Bus or Non Bus pin notation
« User specified number of bits
Optional inverted inputs

+ Optional parity generated of ODD, EVEN, or BOTH
+ Optional low-active or high-active output signals

PAR can be customized with the parameter N as shown in the following table:

Limit
Parameter | Description
Increment | Min | Max
N Bits 1 2 512
TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consult the FDS manual
Functional Descriptions
INPUTS:
DIN-1:0] N bits inputs
OUTPUTS:
oDD When ODD or BOTH parity is selected
EVEN When EVEN or BOTH parity is selected
CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the PAR
cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance

matches your requirements.
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FDS Universal Register | UNREG
FUNCTIONAL DESCRIPTION AND FEATURES:

The FDS universal register can be an ordinary latch (parallel-in parallel-out) or a shift (serial-in parallel-
out) register. It also accommodates combined parallel and serial input to parallel output.

The UNREG has the following features:

« Shift can be right-to-left, left-to-right, or bidirectional

+ Optional parallel, serial or both of data input mode

+ Bus or Non Bus pin notation

+ Optional bits tapped as Q (QN) outputs, also allows the user to enter the specified bit-
pattern for tapping Q (QN) output signals

* PRESET, PRECLEAR, and INITIALIZATION are available with asynchronous or
synchronous control

* Optional inhibit signal INH

» Optional dynamic or static clocking scheme

» Optional rising or falling edge of static clock

UNREG can be customized with the parameter N as shown in the following table:

Limit
Condition Parameter | Description
Increment | Min Max
Normal N Bits 1 2 128
With Initial Signal N Bits 1 2 30
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FDS Universal Register UNREG

TERMINAL DESCRIPTIONS:
Netlist Order :
option dependent, consuit the FDS manual

Functional Descriptions

INPUTS:
PI[N-1:0] The root name of input signal
LE Left entry (right shift)
RE Right entry (left shift)
RL Bidirectional shift
SHLD Shift/Load
INH Inhibit signal
PS Preset
PC Preclear
INIT Initialization signal
CK Static clocking is triggered by the rising-edge or the falling-edge of

the clock
MCK,SCK,MCKN,SCKN
Four clocks for dynamic clocking
OUTPUTS:

Q[N-1:0] Normal outputs
QN[N-1:0] Complementary outputs

CHARACTERIZATION:

Due to the large number of possible configurations, no attempt was made to characterize the
UNREG1 cell. It is advisable to run CRITIC after generating any FDS block to verify that the
performance matches your requirements.

11-14 ATsTl FDS Synthesized Macrocells

(il



MSI/LSI Functions

Section 12

ATsT

iy



Contents - Section 12

Introduction
ALU2
ALU4
ARTI
BL29CO01
BL29C09
CKGEN
CM42
CM82
CM85
CM138
CM150
CM151
CM152
CM153X
CM157X
CM158X
CM160
CM161
CM162
CM163
CM169
CRC
DIv4
DIvVe
DIV8
FA4
HDLC
LACG4
MUL16X16
MV3
MV5
PCLE3
PCLE4
PCLE5
PCLE6
PCLES8
PCLER3
PCLER4
PCLER5
PCLERG6
PCLERS
PLLPAIR
Z80_CTC

Introduction to MSI/LSI Functions
2-Bit Arithmetic Logic Unit
4-Bit Arithmetic Logic Unit

Universal Asynchronous Receiver Transmitter

Bit-Slice Microprocessor
Microprogram Sequencer

4 Phase Clock Generator
BCD-to-Decimal Decoder

2-Bit Binary Full Adder

4-Bit Magnitude Comparator

3-to-8 Line Decoder/Demultiplexer
1-of-16 Gated Data Selector/Multiplexer
1-of-8 Gated Data Selector/Multiplexer
1-of-8 Data Selector/Multiplexer
4-Line-to-1 Data Selector/Multiplexer
2-Line-1-Line Data Selector/Multiplexer
2-Line-1-Line Data Selector/Multiplexer
Synchronous 4-Bit Decade Counter
Synchronous 4-Bit Binary Counter
Synchronous 4-Bit Decade Counter
Synchronous 4-Bit Binary Counter
Synchronous 4-Bit Up/Down Counter
Cyclic Redundancy Checker
Divide-by-4 Counter

Divide-by-6 Counter

Divide-by-8 Counter

4-Bit Fast Adder

High-Level Data Link Controller

4-Bit Look Ahead Carry Generator

16 X 16 Multiplier

3-Bit Majority Vote

5-Bit Majority Vote

3-Bit Programmable Counter/Timer
4-Bit Programmable Counter/Timer
5-Bit Programmable Counter/Timer
6-Bit Programmable Counter/Timer
8-Bit Programmable Counter/Timer
3-Bit Programmable Counter/Timer
4-Bit Programmable Counter/Timer
5-Bit Programmable Counter/Timer
6-Bit Programmable Counter/Timer
8-Bit Programmable Counter/Timer
Phase Locked Loop

Z80 Counter Timer Circuit

ATal

iy

PAGES

12-1
12-2
12-6
12-11
12-15
12-18
12-22
12-24
12-26
12-28
12-31
12-33
12-36
12-38
12-40
12-42
12-44
12-46
12-49
12-52
12-55
12-58
12-61
12-64
12-66
12-68
12-70
12-72
12-76
12-78
12-80
12-82
12-84
12-86
12-88
12-90
12-92
12-94
12-96
12-98
12-100
12-102
12-104
12-109



Introduction MSI/LSI Functions

This section describes a variety of digital functions that are available in the 1.25u CMOS Library.
Many of the functions are provided as standard cell netlists, and can either be used 'as-is’, or can be
modified to suit your particular needs. Using one of these netlists as a starting point could save you
some time compared to starting from scratch.

The CM-series of cells in this section are very similar to some 74XX-series functions. For example,
the CM42 is functionally equivalent to the 7442 4-Line-to-10-Line BCD-to-Decimal Decoder.

The functionality for these cells are described either in detailed schematics (for simple functions) or in
the block diagrams (for more complex functions).

Timing characteristics provided in this section are obtained with AT&T's static timing analyzer,
CRITIC. They are estimated with an average routing capacitance of 0.12 pF per fanout. The more
accurate circuit simulator, GSIM, should be used to verify the proper timing for your final designs.

For more detailed information regarding the use of these functions, please contact your AT&T
representative.
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2-Bit Arithmetic Logic Unit ALU2

146 grids, 214 transistors

FUNCTIONAL DESCRIPTION AND FEATURES

The ALU2 performs arithmetic and logic operations on two 2-bit words. These operations are select-
ed by four function select lines (S0, S1, S2, S3). The operation mode is controlled by the LAN input.
It is implemented with standard cells.

* Arithmetic operating modes:
- Addition
- Subtraction
- Plus other arithmetic operations
« Logic function modes:
- Exclusive-OR
- Comparator
AND, NAND, OR, NOR
- Plus other logic operations

TERMINAL DESCRIPTIONS
Netlist Order

INPUTS: AQ, A1, BO, B1, S0, S1, S2, S§3, CNO, LAN;
OUTPUTS: FO, F1, XN, YN, CNP2, AEB;

Functional Descriptions

Inputs:
A[0:1] Word A inputs
B[0:1] Word B inputs
S[0:3] Function select inputs
CNo Inverted Carry input
LAN Mode control input
Outputs:
Fl[O:1] Function outputs
XN Carry PROPAGATE output
YN Carry GENERATE output
CNP2 Inverted Carry output
AEB Comparator output
12-2
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2-Bit Arithmetic Logic Unit ALU2

DETAILED SCHEMATIC
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CHARACTERISTICS

2-Bit Arithmetic Logic Unit ALU2
SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Area Performance
Intrinsic | Extrinsic | Intrinsic | Extrinsic
Input Output | ") | (nsipf) | (ns) | (ns/of)
A[0:1],B[0:11,5[0:3] | AEBT 12.05 3.70 5.19 0.68
A[0:1],B[0:1],5[0:3] | AEBl | 11.10 2,54 4.71 0.55
A[0:1],B[0:11,5[0:3] | CNP2T | 10.62 0.98 4.71 0.18
A[0:1],B[0:11,5[0:3] | CNP2) | 11.52 0.94 5.00 0.18
A[0:1],B[0:1],8[0:3] | F[o:1]T | 10.14 9.45 443 1.82
AJ0:1],B[0:1],5[0:3] | F[o:1]d 9.81 12.53 424 2.61
A[0:1],B[0:11,S[0:3] XNT 7.57 0.98 3.29 0.18
A[0:1],B[0:11,S[0:3] XNL 7.33 0.94 3.33 0.18
A[0:1],B[0:1],5[0:3] YNT 9.52 0.98 4.05 0.18
A[0:1],B[0:1],S[0:3] YNL 9.10 0.94 4.00 0.18
CNO AEBT 5.76 3.70 243 0.68
CNO AEBL 4.86 254 2.05 0.55
CNO CNP2T 3.10 0.98 1.57 0.18
CNO CNP2l 3.19 0.94 1.48 0.18
CNO Flo:11T 3.86 9.45 1.67 1.82
CNO Flo:1]4 3.57 1253 157 2.61
LAN AEBT 6.00 3.70 252 0.68
LAN AEBJ 5.10 254 210 0.55
LAN Flo:1T 4.10 9.45 1.76 1.82
LAN Flo:1jd 3.81 12.58 1.62 2.61
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ALU2

2-Bit Arithmetic Logic Unit
FUNCTIONAL MODES
ACTIVE HIGH DATA

SELECTION LAN=H LAN=L ARITHMETIC OPERATIONS
S3 S2 S1 SO FUI'\_J?)%ISNS (&Nf;g) (wg;qghy)
L L L L |FA F=A F=A plus 1
L L L H |F=A+B F=A+B F=(A+B) plus 1
L L H L |FAB F=A+B F=(A+B) plus 1
L L H H | F=0 F=minus 1(2's Compl)| F=zero
L H L L |F-AB F=A plus AB F=A plus AB plus 1
L H L H|FB F=(A+B) plus AB F=(A+B) plus AB plus 1
L H H L F=A®B F=A minus B minus 1 | F=A minus B
L H H H|FAB F=AB minus 1 F=AB
H L L L |FA+B F=A plus AB F=A plus AB plus 1
H L L H |F-AeB F=A plus B F=A plus B plus 1
H L H L |FB F=(A+B) plus AB F=(A+B) plus AB plus 1
H L H H |F=AB F=AB minus 1 F=AB
H H L L | F=1 F=A plus A* F=A plus A plus 1
H H L H|FAmB F=(A+B) plus A F=(A+B) plus A plus 1
H H H L |F=A+B F+(A+B) plus A F=(A+B) plus A plus 1
H H H H|FA F=A minus 1 F=A

Note: * means LEFT SHIFT operation on A
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4-Bit Arithmetic Logic Unit ' ALU4

316 grids, 462 transistors

FUNCTIONAL DESCRIPTION AND FEATURES

The ALU4 is functionally equivalent to the 74181 Arithmetic Logic Unit/Functional Generator within
the standard 74XX Series logic families of devices. The ALU4 performs arithmetic and logic opera-
tions on two 4-bit words. These operations are selected by four function select lines (SO, S1, S2,
S3). The operation mode is controlled by the LAN input. It is implemented with standard cells.

* Arithmetic operating modes:

- Addition

- Subtraction

- Plus other arithmetic operations
* Logic function modes:

- Exclusive-OR

- Comparator

- AND, NAND, OR, NOR

- Plus other logic operations

TERMINAL DESCRIPTIONS
Netlist Order

INPUTS: AQ, A1, A2, A3, B0, B1, B2, B3, S0, S1, S2, S3, CNO, LAN;
OUTPUTS: FO, F1, F2, F3, XN, YN, CNP4, AEB;

Functional Descriptions

Inputs:
AJ0:3] Word A inputs
B[0:3] Word B inputs
S[0:3] Function select inputs
CNO Inverted Carry input
LAN Mode control input
Outputs:
F[0:3] Function outputs
XN Carry PROPAGATE output
YN Carry GENERATE output
CNP4 Inverted Carry output
AEB Comparator output
12-6
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4-Bit Arithmetic Logic Unit ALU4

DETAILED SCHEMATIC
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4-Bit Arithmetic Logic Unit ALU4

DETAILED SCHEMATIC (continued)

ND220
oNo X ND220
ND2
ND221
Ni 1
BF2 A ez ND330 7
I No2 [F )\oaso ° <
ND222 -
BF2A s ND222
. ND441
ND331 ND441
ND223 2
ND223 ND331
BFOA A2 1 L. —lo
ND4
w noe o XOR3ro
LAN {>c | Z
UcC_
BF1 INRBS p_z1}—=
XOR
ND443
BF1A D332 *
ND332 5 ND443
1 8 Z Z]
Lo
BFO No3 ND4s
ND225 XORJoRs
T AI320 A
BF3A . ND333 AT
| S AIB20 } D3 YOR
=
BF3 i
B X0l ND3
A0I132 ors
T8

AOI432

12-8 f— ATsT MSI/LSI Functions



4-Bit Arithmetic Logic Unit

CHARACTERISTICS
SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Area Performance
Intrinsic | Extrinsic | Intrinsic | Extrinsic
Input Output (ns) (ns/pf) (ns) (ns/pf)
A[0:3],B[0:3],S[0:3] AEBT 17.05 9.45 719 1.82
A[0:3]},B[0:3],5[0:3] AEB{ 15.67 12.53 6.52 2.61
A[0:3],B[0:3],5[0:3] | CNP4T 11.57 3.79 4.95 0.70
A[0:3],B[0:3),5[0:3] | CNP4l 14.29 4.19 5.86 0.89
A[0:3],B[0:3],5[0:3] | F[0:3]T 14.29 9.45 6.05 1.82
A[0:3],B[0:3],S[0:3] | F[0:3]4 14.33 12.53 5.95 2.61
A[0:3],B[0:3],5[0:3] XNT 8.90 0.98 3.90 0.18
A[0:3],B[0:3],5[0:3] XN{ 9.81 0.94 4.38 0.18
A[0:3],B[0:3],5[0:3] YNT 14.05 0.98 5.76 0.18
A[0:3],B[0:3],S[0:3] YNI 11.48 0.94 4.90 0.18
CNO AEBT 10.24 9.45 4.29 1.82
CNO AEBJ 8.86 12.53 3.62 2.61
CNO CNP4T 3.71 3.79 1.38 0.70
CNO CNP4l 2.95 4.19 1.10 0.89
CNO F[0:3]T 7.48 9.45 3.14 1.82
CNO F[o:3]4 7.52 12.53 3.05 2.61
LAN AEBT 11.33 9.45 4.71 1.82
LAN AEB!l 9.95 12.53 4.05 2.61
LAN F[o:3]7 8.57 9.45 3.57 1.82
LAN F[o:3]4 8.62 12.53 3.48 2.61
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ALU4

4-Bit Arithmetic Logic Unit
FUNCTIONAL MODES
ACTIVE HIGH DATA

SELECTION LAN=H LAN=L ARITHMETIC OPERATIONS
S8 s2 st 80 Fur':lggllgNs (&N;j:) (wgr?l ?:ZrLry)
L L L L |F=A F=A F=A plus 1
L L L H|F=A+B F=A+B F=(A+B) plus 1
L L H L |F=AB F=A+B F=(A+B) plus 1
L L H H | F=0 F=minus 1(2's Compl)| F=zero
L H L L |FnB F=Aplus AB F=A plus AB plus 1
L H L H|FB F=(A+B) plus AB F=(A+B) plus AB plus 1
L H H L F=A®B F=A minus B minus 1 | F=A minus B
L H H H|F=AB F=AB minus 1 F=AB
H L L L |F=A+B F=A plus AB F=A plus AB plus 1
H L L H | F=A®B F=Aplus B F=A plus B plus 1
H L H L |FB F=(A+B) plus AB F=(A+B) plus AB plus 1
H L H H|F=AB F=AB minus 1 F=AB
H H L L | F=1 F=A plus A* F=A plus A plus 1
H H L H |F=A+B F=(A+B) plus A F=(A+B) plus A plus 1
H H H L | F=A+B F+(A+§) plus A F=(A+§) plus A plus 1
H H H H|F=A F=A minus 1 F=A

Note: * means LEFT SHIFT operation on A

12-10
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UART ARTI

7736 grids, 11268 transistors

FUNCTIONAL DESCRIPTION AND FEATURES

The ARTI is an asynchronous receiver/transmitter interface. The device is used as a single-channel,
half-duplex or full-duplex interface with data communication equipment (DCE) and data terminal
equipment (DTE). The ARTI is compatible with the bus protocol and timing specifications of the Intel
8051 Microcontroller and the Intel 8088 Microprocessor, and may be used in a polled or interrupt-
driven system.

To reduce the interrupt overhead and potential for overruns, the transmitter has four data buffers
and the receiver has six.

This netlist is a circuit that can also be obtained as a stand-alone IC. Two package styles are available;
a 24-pin plastic DIP and a 28-pin SOJ. Contact your AT&T Representative for more information.
» Programmable data format:
- Seven data bits plus parity
- Odd, even, no parity
- One or two stop bits
« Six receive and four transmit data buffers
» Receive break detection and transmit break generation.
Intel 8088 and 8051 Microprocessor interface without wait states.

Clear-to-send/request-to-send selectable signals for DTE or DCE modes and EIA flow
control.

.

Programmable interrupt system:
- Fill level interrupt of receive FIFOs (first-in, first-out).
- Receive break detection and error interrupt.
- Empty level of transmit FIFO.
Transmit/receive FIFO status bits indicate FIFO levels.
Flexible polling capabilities.
On chip programmable baud rate generator.
Speed matching (autobaud) capability.

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: ADIO, ADI1, ADI2, ADI3, ADI4, ADI5 ADI6, ADI7, RDN, WRN, ALE, CSN,
HWRESET, CLK1, SERDATIN, RTS, DTR;

OUTPUTS: DFCO, DFC1, DFC2, DFC3, DFC4, DFC5, DFC6, DFC7, SERDAT, CTS, DSR,
RXI, TXI;
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UART ARTI

Functional Descriptions

Inputs:
RDN Read enable (Microprocessor Interface)
WRN Write enable (Microprocessor Interface)
ALE Address latch enable (Microprocessor Interface)
CSN Chip select (Microprocessor Interface)
HWRESET Power up reset
CLK1 Clock
SERDATIN Serial receive data
RTS Request to send
DTR Data terminal ready
Outputs:
SERDAT Serial transmit data
CTS Clear to send
DSR Data set ready
RXI Receive interrupt
TXI Transmit interrupt
REGREAD(N) Tristate control signals for user supplied bidirectional buffers

Bidirectionals:
ADI[0:7],DFC[0:7] Address and data bus (Microprocessor Interface)

BLOCK DIAGRAM

RECEIVE FIFO
6 BYTES le— RDN
le— WRN
RECEVE  J«— uP
SERDATIN —»|  SHIFT é:lgtls?%s INTERFACE  [<— ALE
REGISTER < CsN
RTS —{  MoDEM STATUS
CTS < CONTROL |« REGISTERS DFCIo:7] | ADI0:7]
" USER SUPPLIED '}
! BIDIRECTIONAL |
RXI ﬂ INTERRUPT INTERNAL : BUFFERS TO S
TXI < CONTROL | g DATA BUS : MICROPROCESSOR
TRANSMIT BAUD RATE
SERDAT SHIFT
REGISTER < GENERATOR CLK1
TRANSMIT FIF
4 BYTES
—
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UART ARTI

CHARACTERISTICS
SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing
From To Area Performance
Input Output Intrinsic | Extrinsic | Intrinsic | Extrinsic
(ns) (ns/pf) (ns) (ns/pf)

ALE | DFCjo7]T | 25.78 3.79 11.33 0.70
ALE | DFCjo7)l | 1557 4.19 7.76 0.89

CLK1 | DFC[0:7]T | 45.38 3.79 19.05 0.70
CLK1 | DFC[0:7 | 3829 4.19 16.86 0.89

CSN | DFclo:71T | 42.00 3.79 18.52 0.70
CSN | DFC[07]L | 41.24 4.19 17.81 0.89

RDN | DFC[0:7]T | 2852 3.79 11.14 0.70
RDN | DFC[0:7)L | 18.67 4.19 7.48 0.89

TIMING REQUIREMENTS
VDD=5.0V, T=25°C, Nominal Processing

Area | Perf.
Description value | value
(ns) (ns)

Minimum ADI[0:7] Setup before ALE | 0.67 | 0.67
Minimum ADI[0:7] Setup before CSN | 0.67 | 0.67
Minimum CLK1 Setup before CSN 895 | 3.71

MSI/LSI Functions ATsT 12-13
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ARTI

UART
APPLICATION NOTES
uP
CONTROL BUS RDN, WRN & ALE
1 I I L 1
[ \]ADDRESS/DATA BUS ADI[0:7],DFC(0:7U
— ARTI CRT
—-| >0—{SERDATIN DISPLAY
—o<Hseroat . KEYBOARD
RS-232C _I So—
ﬁ <] RTS CONTROL
EIA CONN. CTS
—04‘ RXI
_—0<]— TXI
EIA
DRIVERS/RECEIVERS
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Bit-Slice Microprocessor BL29CO1

2593 grids, 3230 transistors

FUNCTIONAL DESCRIPTION AND FEATURES

The BL29CO01 is the functional equivalent of AMD’s 2901 four-bit microprocessor slice. AMD
describes the 2901 as follows: "The 2901 is a high speed, cascadable ALU intended for use in CPUs,
peripheral controllers, and programmable microprocessors. The microinstruction flexibility of the
2901 permits efficient emulation of almost any digital computing machine.”

The device, as shown in the block diagram, consists of a 16-word by 4-bit-per-word dual port RAM,
an eight function ALU, and associated shifting, decoding and multiplexing circuitry. The nine bit
microinstruction word is organized into three groups of three bits each that select the ALU source
operands, the ALU function, and the ALU destination register. The 2901 is cascadable with full look
ahead or with ripple carry, has tristate outputs, and provides various status flag outputs from the
ALU.

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: 18, 17, 16, 15, 14, I3, 12, I1, 10, A3, A2, A1, A0, B3, B2, B1, B0, D3, D2, D1, DO,
RAMOI, RAM3I, QO0I, Q3lI, CN, CP, OEN;

OUTPUTS: Y3, Y2, Y1, YO, GN, PN, OVR, FEQO, F3, CN4, RAM0O, RAM30, Q00, Q30;

Functional Descriptions

Inputs:

1[8:0] The nine instruction control lines. Used to determine what data
sources will be applied to the ALU ([0:2]), what function the ALU will
perform (I[3:5]), and what data is to be deposited in the Q-register or
the register stack (1[6:8]).

A[3:0] The four address inputs to the register stack used to select one regis-
ter whose contents are displayed through the A port.

B[3:0] The four address inputs to the register stack used to select one regis-
ter whose contents are displayed through the B port and into which
new data can be written when the clock goes LOW.

DI[3:0] Direct data inputs. A four-bit data field which may be selected as one
of the ALU data sources for entering data into the device.

CN The carry-in to the internal ALU.

CcP The clock input.

OEN Output enable, active low

Outputs:

Y[3:0] The four data outputs. When enabled, they display either the four out-
puts of the ALU or the data on the A-port of the register stack.

GN The carry generate output of the internal ALU.

PN The carry propagate output of the internal ALU.

OVR Overflow. This pin is logically the Exclusive-OR of the carry-in and
carry-out of the MSB of the ALU.

FEQO Indicates the result of an ALU operation is zero.

F3 The most significant ALU bit.

CN4 The carry-out of the internal ALU.

MSI/LSI Functions
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Bit-Slice Microprocessor

Functional Descriptions (continued)

Bidirectionals:

BL29CO01

RAMO A shift line at the LSB of the register stack.
RAM3 A shift line at the MSB of the register stack.
Qo A shift line at the LSB of the Q register.
Q3 A shift line at the MSB of the Q register.
BLOCK DIAGRAM
o RAM SHIFT
RAM3 jfe——>
cP
'B' DATAIN cP
ns ——————
A'(READ) A RAM Q0 @3
ADDRESS ————/| | 16 ADDRESSABLE
REGISTERS Q.SHIFT
'B'(READ/WRITE) \
ADDRESS — B S
'A'_DATA 'B' DATA LOGIC cCP F Q
ouT ouT 0"
———— Q REGISTER
s ;
DIRECT ~ D A ALU DABTA SOURCE o/
DATA IN SELECTOR \
GN
PN
CARRY IN oN R s — | CN4
> F3(SIGN)
8-FUNCTION ALU —1 . OWR
r _—I———> FEQO
I \ Jd [
OUTPUT OEN A F
ENABLE OUTPUT DATA SELECTOR
I
DATA OUT
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Bit-Slice Microprocessor BL29CO1

CHARACTERISTICS

AREA OPTIMIZED SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing

Intrinsic Delay To Output (ns)
From input | Y[0:3) F3 _CN4 GNPN_FEQO OVR _RAM[0,3]0 Q[0,3]0
CN 3362 | 28.71 | 10.33 - 30.95 | 17.48 31.38 -
cP? 55.14 | 50.24 | 33.19 | 32.90 | 52.48 | 39.00 52.90 1.24
D[0:3] 5124 | 46.33 | 29.38 | 29.10 | 4859 | 35.10 49.00 .
I[0:2] 58.90 | 54.00 | 37.05 | 36.76 | 56.24 | 42.76 56.67 .
I[3:5] 60.24 | 55.33 | 38.38 | 38.10 | 57.57 | 44.10 58.00 -
I[6:8] 1414 | - - - - - 14.33 14.33
Extrinsic | 520 | 740 | 740 | 740 | 1172 | 7.40 3.70 3.57
(ns/pf)

PERFORMANCE OPTIMIZED SWITCHING CHARACTERISTICS
VDD=5.0V, T=25°C, Nominal Processing

Intrinsic Delay To Output (ns)
From Input | Y[0:3] F3 CN4 GNPN FEQO OVR RAM[0,3]0 Q[0,3]0
CN 12.67 | 10.76 3.57 - 11.95 6.48 11.86 -
cpt 22.33 | 20.43 | 13.81 13.76 | 21.62 | 16.14 21.52 1.00
D[0:3] 19.43 | 17.52 | 10.95 | 10.90 | 18.71 | 13.24 18.62 -
i[0:2] 22.05 | 20.14 | 1357 | 13.52 | 21.33 | 15.86 21.24 -
1[3:5] 2252 | 20.62 | 14.05 | 14.00 | 21.89 | 16.33 21.71 -
I[6:8] 5.00 - - - - - 4.33 4.33
Extrinsic
(ns/pf) 0.68 1.64 1.64 1.64 2.1 1.64 0.68 0.65

TIMING REQUIREMENTS
VDD=5.0V, T=25°C, Nominal Processing

Area | Perf.

Description value | value

(ns) (ns)

Minimum A[0:3],B[0:3] Setup before CP | 29.86 | 10.62
Minimum CN Setup before CPT 35.86 | 13.67
Minimum D[0:3] Setup before CPT 53.48 | 20.43
Minimum 1[0:2] Setup before CPT 61.14 | 23.05
Minimum 1[3:5] Setup before CPT 62.48 | 23.52
Minimum 1[6:8] Setup before CPl 17.05 | 5.76
Minimum Q[0,3]! Setup before CPT 3.71 1.86
Minimum RAM[0,3]! Setup before cpPT 5.67 2.24
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Microprogram Sequencer BL29C09

733 grids, 1016 transistors

FUNCTIONAL DESCRIPTION AND FEATURES

The BL29CO09 is the functional equivalent of AMD’s 2909 microprogram sequencer. The 2909 is a
four-bit wide address controller intended for sequencing through a series of microinstructions con-
tained in a ROM. Two or more 2909’s can be connected to form eight-bit or larger addresses.

The device can be used to select an address from any of four sources. They are:
* A set of external inputs(D)
 External data from the R inputs, stored in an internal register
« A four word deep push/pop stack
+ A program counter register which usually contains the last address plus one.

The push/pop stack includes control lines that enable it to efficiently execute nested subroutine link-
ages. Each of the four outputs can be OR’'ed with an external input for conditional skip or branch
instructions, and a separate line forces all of the outputs to zero. The outputs are tristatable.

TERMINAL DESCRIPTIONS

Netlist Order

INPUTS: CK, RO, R1, R2, R3, REB, DO, D1, D2, D3, S0, S1, OR0, OR1, OR2, OR3, ZER-
OB, OEB, CN, FEB, PUP;

OUTPUTS: Y0, Y1, Y2, Y3, CN4;

Functional Descriptions

Inputs:
CK Clock
R[0:3] Inputs to the internal address register
REB Enable line for internal address register, active low
D[0:3] Direct inputs to the multiplexer
S[0:1] Control lines for address source selection
OR[0:3] Logic OR inputs on each address output line
ZEROB Logic AND input on the output lines, active low
OEB Output enable, active low
CN Carry-in to the incrementer
FEB Control line for the push/pop stack, active low
PUP Control line for the push/pop stack

Outputs:
Y[0:3] Address outputs
CN4 Carry out from the incrementer

12-18
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Microprogram Sequencer

BLOCK DIAGRAM

BL29C09

R[0:3] PUP
- FEB
4
REB ADDRESS REG/ STACK
>———————> HOLDINGREG. |« POINTER
» 4 X 4FILE
4
D3] > L 4 4
¥
D AR F uPC rs O< CcK
So >—————->
MULTIPLEXER
St >————>
Xo X1 X2 X3 MICROPROGRAM
OR3 —>] COUNTER REGISTER
OR2 »—u
OR1 >___|——_
ORO
. :
ZEROB - * *
i INCREMENTER
OEB w_i_% < 4 1 l
Yo Y1 Y2 Y3 CN CN4
. ————
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